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INTRODUCTION. 



A PRECISE knowledge of the fire-resisting prop- 
erties of ** fire-proof '* constructions is essential, 
in order to reach intelligent conclusions and 
secure economical results. In the following pages 
are presented such facts and details in connection 
with actual tests as will enable architects, engineers, 
and others to form a just estimate of the merits and 
capabilities of the Roebling System of fire-proofing. 



TESTS. 



THE OBJECT of all tests of building materials should be to 
determine facts and develop results that may be of practical 
value in future designing. In order that such facts and results 
may have real value, three conditions are necessary : First, that the 
materials tested shall be identical with what is commercially available 
in the open market ; second, that the conditions, methods, and details 
of constructions conform exactly to those obtainable in practice ; thirds 
that the tests be conducted in a scientific manner. 

Tests of fire -resisting, fire-retarding, or so-called '* fire-sproof " 
materials, have frequently been made and are often quoted or referred 
to in trade publications. Many of these tests have been made in 
ordinary brick structures with a simple opening in the front wall cor- 
responding to a door, and a smaller opening corresponding to a window 
in the upper part of the rear wall or in the ceiling ; the material to 
be tested forming the ceiling or roof of the structure. It is now con- 
ceded by experts that test structures of this character, without grates 
and stacks for inducing and regulating the draught, are incapable of 
producing and maintaining temperatures above 1,900 to 1,950 degrees 
Fahrenheit with wood fuel. As temperatures of 2,000 to 2,350 de- 
grees Fahrenheit are frequently developed in actual conflagrations, it 
is evident that no safe or conclusive results can be obtained in such 
crude test structures. 

Sometimes tests of fire-proof materials are undertaken in laboratories, 
on so small a scale as not to represent practical conditions. Materials 
that are designed to be used in connection with structural steel are 
often tested without steel beams or with the steel beams supported their 
whole length by walls. As the degree of protection to the structural 
steel which such materials afford is fully as important as the fire-resist- 
ing properties of the material, the mistake of omitting the steel work 
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IE BUILDING DEPARTMENT 

TESTS. 



^HE NEW YORK building laws for many years permitted the use 
of nothing but the burnt clay products for fire- proofing pur- 
poses. While there was a provision permitting the use of 
ler equally good fire-proof material,'* the lack of precise knovvl- 
as to the fire-resisting properties of such other materials practi- 
excluded them from New York City buildings. 
1896-97, a series of fire and water tests of fire-proof floors was 
acted by the New York building department, assisted by the city 
[apartment. These tests were intended to develop the actual and 
ve efficiencies of the different floor constructions, and were the 
elaborate and instructive that have ever been made in public. 
e tests were conducted on a sufficiently large scale, the conditions 
and in actual buildings wxre reproduced, as far as practicable, 
he best available apparatus for recording accurate temperatures, 
:tions, etc., were provided. The results of these tests, as em- 
^d in the official reports of the Department of Buildings, are con- 
rntly of scientific value. Such of the official reports as relate to 
2sts of the Roebling System of fire-proof floors are reproduced 
til in the following pages, together with photographs, drawings, 
by the department. 



TEST No. I. 
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Department of Buildings, 
No. 220 Fourth avenue, New York, 

September 22, 1897 

Messrs. J. A. RoEBLiNc;'s Sons Co., 

117 and 119 Liberty street. New York City. 
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Floor beams. 



Sirs : — 

Herewith I submit report of the fire test made by your company of 
your lire-proof floor on September 3, 1896, which incorporates all the 
data obtainable from the reports of the representatives of this deput- 
ment who were present. 

The building for the above test was constructed near the sonthwest 
corner of 82d street and Boulevard, on a vacant lot extending from 
8 1 St to 8 2d street, on west side of Boulevard. This structure was 
91^ from curb on Boulevard and 65^ from curb on 82d street. 

The foundation of test structure consists of concrete 18'' deep 
under all walls flush with north and south walls and extending \(/' 
outside of east and west walls. 

Walls 16^^ thick below grates and 12'^^ thick above, built of brides 
upon concrete foundations around steel frame work. Frame composed 
of I beams set upright at corners, connected by I beams at top and 
bottom on all four sides. Frame further strengthened on all four sides 
by means of two \%'^ tie-rods crossed. 

The mortar used in con.struction of all brick work is a good quality 
of Portland cement mortar. 

Two sets of grates in building, upper about 3^ from ground, and 
lower about 2^ below the first. These grates composed of ^'^X4" 
flat iron, placed 9^^ between centers, resting on walls about 4^ apart. 
These walls running east and west, dividing furnace, below grates, 
into three sections. (See drawing No. 39.) 

Flues provided in each comer of building 15^^ square at opening 
tbrough floor, but the chimney was \(/' square on inside and carried 
4^-6^^ above sleepers. Sheet-iron check dampers provided over open- 
ing at top. 

Floor beams consist of i(/^ 25-pound I beams placed 3^ lo^^' 
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between centers, with a clear span of 15' between brick walls, bolted 
to 12" girders and stiri'ened by means of two ^ " tie-rods to each 
bay. The two exterior beams having 10'' 25-ponnd I beams bolted 
to their webs, — the web of the one being perpendicnlar to that oi the 
other. J See drawing No. 40. ' Moment of inertia, II5.0. Lawfal 
bending moment. 2S. 750 ft. lbs. ."^afe uniform load as applied in test, 
263 lbs. per sq. ft. 
lrv= m.riiL n Centerins: tor archer c-.-asists oi No. 19. 4- warp. 2-nlling wire cloth 

"*''^"^- stiffened by means of % " >tee! rods woven into the cloth at interrals 

of aK^ut o". This centering was supplied in sheets and sprung in 
between the r.oor beams in the form of an arch, with the ends of the 
nxis abutting against the be.ims. 'Jver the crown of this centering 
two ,"r" >tee! rods were lail para!.e'. to beams and secured to each of 
the slrrtening r».Ki< to secure : ro: cr '.or.g- tudinal bracing. Heary gal- 
vani:ed wire was drorie-i fr.. n: everr a!:ematc stitfenin^j rod and at- 
lached to wire c'oth o:* ceiling. 
MAt«raI t jirvh. '/"ver the wire arch center. rg s-.^ c- nstructed :hcre was dlled in on 

Augu< I. iSviO. concrete of one kir.d to t< >ubse'quently described) 
Cv^vtfr-.n*: :or of I earns about -'. ". .\bcve these arches concrete fill 
2" th:c'jv was laid A-gus: 2C. iSjc. in which were imbedded floor 
sleerers a: right angles :o :^ov r beams. 
The concrete of arch was cc:::r«.se'i of — 

V-sTOvrece. 

Cement. I part : 

Sar.i. 2 rarts : 

K'.rrrace c:- ters. 5 rarts. 

Aal.vTg^ I'anrsh r.rta-.: c-r.-.e^t wij u.>e'i The mmture was 
turr.e'i twice while .ir\ a- o. , r:ce atter :e:n^ vet, was then shoveled 
into :a"..s ar-.: carrie-i t.- t,:- of >;r".:jtu.re a~i iu^revi. 

The coruret;? rill betweert >"er; ers jcrnyose-i cf — 

ve::;:?":. 2 yarts ; 
^a" .:. : y irts : 
C'" -.?:>. ;,^ -.arts. 

V-r--'* tw.oe .:-v i"i . - :e '*;?'. .■a:---: :: :;- . •* >:ructv:re in pails, 
.t-:r:ye-i i" .t !a:d -^-.th >"":j.^' ctw:;?- - \ 3 - -eyer* without mois 

:.- :— 1 "'.e -:t er>i:'.e .: •^■n r a.i- :■ ?--•: • a -^at :e:.:r^. e.\cepl the 

'iv.'c:'. • i-:h. w ■ jh * a> u-;. !a>t;r-:- ■ 

r V .' -.ar". ■::«."> >"« yla>:-r ■• -v::- ■ i". -g. -_ ■ orte-i by steel Q'ame 

W'.T*. ;ce ; :h c'i arrvi th; c --: .; ' .%. w-r* er-ctec perpendicular 

:.' ;a:< 'wall acJ abcot a ay art. i\:i*.:.-^ :r.rr. .;ra:e to ceiling and 

vrviectv:;/ ahvut ; Xv:ai wal 

.Vrche^ wer^ laid Au^usi l. l>v:c. av-.i te>:e'i Siytember ;, 1S96, 

hav.aij 35 dav* m which to sec. 
--'atii iv t XT -ire -^efore the test the c^nte*- >a\ .f the 'cor was jaoed about 1 50 

lb*, per si;. :"t. w'th brick. Sre yhot.'^r-a- h l.oj??. 
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Fuel consisted of dry cord oak wood, which was piled on upper Fuel and manner 

grates before fire was lighted. After this first supply was consumed ° ""*' 
more fuel was thrown on through west door, as needed. 

Temperatures during the process of the fire were noted by means Means of obscrv- 

of Uehling, Steinbart & Company's pneumatic pyrometer : *°*^ tempera- 



Time H. M. 



Temperatures* — degrees 
Fahrenheit. 



Remarks. 



Il:10 .A 

11:17 

11:31 

11:57 

12:06 



M. 



»i 



ti 



P. M 



12:23 

12:55 
1 2:58 

I:00 



<i 



(( 



1,200 
2,000 



Fire started. 

Hard plaster fell. 

Crack in center of east wall. 

Top of floor still cold. 

Partitions warped and plaster 

falling from south one. 
Fire on top of floor started. 
Plaster falling ofl' ceiling. 
Water applied to ceiling, and 

fire below grates. 
Water shut off". 



Log of fire and 
water test. 



This test was witnessed by Col. W. A. Roebling, Messrs. A. L. A. ..... ^ ^ 

^ . ^» Witnesses of fire 

Himmelwright, C. H. Thomson, Charles E. Hewitt and Howard and water test. 
Constable. From the department of buildings were Messrs. W. W. 
Ewing, Wm. Lottimer, Isaac Harby, J. W. Cuthbertson and G. C. 
Henning, engineer in charge. 

After the water had been applied to quench fire, and structure had Effect of test 
cooled, it was observed that the two partitions had been warped, the 
plaster having mostly dropped off^ and the wire cloth being burned 
out in several places. The plaster on ceiling had fallen, except in a 
few places in the remote parts from where the water struck. The 
wire cloth in ceiling was intact and the concrete arch did not seem 
to be damaged in any way. (See photograph 1,040.) 

On September 4th the center bay of the floor was loaded with 

brick. The weight of load was obtained by weighing 180 bricks, 

finding the average weight of each, and afterwards counting the 

number placed on. In this manner the floor was loaded up to 186 

lbs. per sq. ft. 

A. L. A. Himmelwright, G. C. Henning. Witnesses of load 

test. 



Load test. 



♦The following temperatures were taken by A. L. A. Himmelwright, C. E., being 
readings from the mercury column of the pyrometer : 



11:36 A 


. M. 


, 1. 150 


degrees. 


12:01 P 


. M. 


, 2,000 degi 


":37 


<< 


z,6oo 


<< 


X2:oa 




3,035 


11:42 


i< 


x,8oo 


<< 


13:03 




2,050 


11:53 


<< 


1,800 


«i 


13:04 




2,100 * 


":S5 


4< 


1,900 


<< 


12:05 J4 
12:07 




2,125 ' 

2,1 50 



From 13:07 until 12:50, a temperature ranging from 2,150° to 3,550° was main- 
tained. 
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Drawings Nos. 39 and 40 are already furnished with report of test 
made October 28, 1896. 

Yours truly, 
(Signed) Stkvknson Constable, 

Superintendent of Buildings. 
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NOTES ON TEST No. I. 

The test structure was designed by the De{)artnient of Buildings and 
was built in accordance with plans furnished by the department. 

The steel studs of the partitions as erected for this test stood upon 
a solid brick wall and extended upward to the lower flanges of the 
steel floor beams to which they were fastened. .As no provision ^"as 
made for expansion, they buckled, causing the disruption of the plaster 
and the failure of the partition much sooner than would have been 
the case had they been erected as in Test No. II. as described on page 
38. Photograph No. 1,040 shows the distortion of the studs caused 
by their ex{>ansion. 

While this test was being prepared, the superintendent of buildings 
stated that all forms of fire-proof floors that might be approved by 
the Building Department on tests, would be required to be erected in 
buildings exactly as furnished for the test. As this com]>any had fur- 
nished the fire-proof floors in a number of large buildings in New 
York City, prior to this test, and as it was proposed to supply sub- 
stantially the same construction in the buildings then under contract 
as in the ))ast, the concrete arches for this test as regards material, 
workmanship and manipulation, were constructed exactly like those 
furnished for the fire-proof floors of the Bowling Green Building. 
The cement consisted of a medium-priced Portland, quoted at J2.10 
per barrel, f. o. b. New York City : the sand was ordinary Cow Bay 
(taken from sand banks on Long Island), and the cinders or steam 
ashes were used as taken from the boilers, without washing or screen- 
ing. These materials, in the proportions given, and manipulated as 
described in the foregoing official report, were intended to represent 
the average construction of this comi)any. as furnished commercially 
in New York City work. 

When the fires were started, seasoned oak cord-wood had been 
])la('e(i on the upper grate to a depth of about 20 inches, covering the 
entire floor area of the structure. When this was consumed, naoK 
fuel wiis added as rc(]uired, in order to maintain the temperature above 
2,1 00 degrees Fahrenheit. The total quantity of fuel consumed WK 
^V2 2 <or(ls, representing an average depth of about 30 inches over 
the entire floor area of the structure. 



I? 

After the fire and water test and the subsequent loading test the 
permanent deflection of the two middle beams, midway between sup- 
ports, was .014 feet and .017 feet respectively, or about A of an inch. 
This deflection was imperceptible. 

The effect of the test on the floor and ceiling construction is sum- 
marized in the official report as follows: ** The wire cloth in ceiling 
was intact and the concrete arches did not seem to be damaged in any 
way. ' ' This is a very comprehensive statement and means no less 
than that the construction was absolutely uninjured by the tests. 
Photograph No. 1,040 shows only a small portion of the ceiling in the 
rear end of the structure. The entire wire ceiling was in the same 
excellent condition as the part shown in ihe photograph. The total 
expense of repairing the damage caused by the test in this case would 
consequently have been confined to replacing the plaster that was 
washed away by the fire stream. 

As this type of construction is designed mainly for public ouildings, 
offices, theaters, schools, hotels, churches, apartment houses, hos- 
pitals, residences, etc., in which the combustible materials consist 
principally of furniture and wood finish, the total average depth of 
which would seldom exceed 6 inches, it will be apparent that the test 
which represented a consumption of fuel averaging 30 inches in 
depth was many times as severe as would occur in such buildings as 
those designated. The temperatures secured and maintained were 
also in excess of the requirements for buildings of this class. Among 
the phenomena that have been observed after conflagrations in office 
buildings and hotels are the following : The fusing of bronze indi- 
cating a temperature of about 1,700 degrees Fahrenheit; the fusing 
of silver coin indicating a temperature of about 1,750 degrees Fahren- 
heit ; the fusing of brass indicating a temperature of 1,860 degrees 
Fahrenheit ; the fusing of copper indicating a temperature of about 
1,940 degrees Fahrenheit. In exceptionally severe cases the fusing of 
light castings indicating temperatures of about 2,100 to 2,250 degrees 
Fahrenheit. 

The test as conducted by the Building Department was consequently 
sufficiently thorough and conclusive to demonstrate that the type of 
construction tested possessed more than ample efficiency for the class 
of buildings named, affording such complete protection to the struc- 
tural steel that there was practically no deflection. 

Inasmuch as the construction submitted for the test represented the 
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average quality of materials and workmanship as furnished in contract 
work, identical results should be obtained in the case of an actual 
conflagration in any building in which this form of construction has 
been used. 

To prove that the foregoing inferences and conclusions are substan- 
tiallv correct and to show that results similar in everv wav to those 
obtained in the test are realized under ordinary conditions in buildings 
lire-proofed by the Roebling System, the following examples are cited: 

V R A C r I C A L K X A M P L F. S . 
HOTtL r.riLDIN«.. 

Hotel Beli'oir, Commonwealth avenue, Boston, Mass. A. H. Vinal, 
architect : Albert Geiger, owner. 

In this building the tirst and second iloors were lire-proof, the form 
of construction being identical wiih that tested by the New York 
building department. Above the two fireproof floors were three ad- 
ditional stories of wood construction. ( )n April 27. 1895, ^ ^^^ broke 
out in the third story of this building consuming the entire upper part, 
the charred timbers and other debris of the upi>er stories falling 
upon the u|»per fireproof tloor. This floor presented a formidable 
Kirrier to the flames and prevented the fiirtiier progress of the fire. 
l>uring the conflagration the Are de|>artment threw water into 
the upper stories, which also fell upon the rlre-proof floor to a 
depth of 7 inches as was shown by water marks on the walls. The 
floor held this water until the tiremen released it by opening doors 
?v\d allowing it to run do\\n the stairwaxs. 

.Vlihough subjected to a number of heavy blows caused by falling 
timbers, etc.. the upper flre-proof floor in this br.ilding was not in- 
jured or damageti in any way. The wiiip.g on the under side of this 
floor remained intact: the plaster being damp in spots and a little 
water dripping through at a tew placoN The expense of repairing 
the vlamage to the flre-proof floor an^i ceiling construction caused In 
the Are anil water in this case was nothing. 

OKKKK mill^lNi.. 

Chaff tY /ffa/i/iPit:, .v), 31 and ^^^^ Kast Nineteenth street, New York 
City, Ralph S. Townsend, architect ; Harry Chaffee, owner. 
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This is an eight-story store and office building, in which the type 
of floor is identical with that submitted to the building department 
for test. On Sunday morning, June 26, 1898, smoke was discovered 
in this building by the watchman who promptly sent in an alarm. 
The firemen who responded were, however, unable to locate the fire, 
as the stores and offices were all closed and locked on that day. A 
couple of hours later the watchman sent in another alarm and the fire 
was then located in the fifth story of the building. This story was 
occupied by a leather goods concern, the front part being used as a 
salesroom and office and the rear portion as a factory. It is not known 
how the fire originated nor how long it had been smouldering before 
discovered by the firemen. As soon as the fire was located an entrance 
was forced through a side window and a stream played into the story 
until the fire was extinguished. The fire, as far as it had gone, had 
consumed all the wood and other combustible finish and had destroyed 
and damaged the entire stock of leather goods. The fire was suffi- 
ciently intense to burn out the underwriters standard sheet-iron cov- 
ered fire-proof doors opening into the elevator shaft and to fuse brass 
and silver. Figures i and 2 are reproduced from photographs taken 
from different positions and show that portion of the ceiling where 
the fire and water caused the greatest damage. Figure 3 is from a 
photograph taken of the corresponding floor space in the story below 
that in which the fire occurred. It was taken before any repairs had 
been made, and shows that no plaster fell from the ceiling and that 
no appreciable damage was done by the water which flooded the floor 
above. The fire was successfully confined by the fire-proofing to the 
story in which it originated and was extinguished with ease after the 
arrival of the fire department. The following correspondence will 
show from a financial standpoint exactly how much damage was done 
to the fire-proofing: 



Charles A. Cowen, Builder and Contractor, 

289 Fourth avenue, New York, June 28, 1898 



.} 



John A. Roebling's Sons Co., 

II7-121 Liberty street, New York Ciiy. 



Dear Sirs : — 

Please call at 29-31 East 19th street and estimate to replace all your line of work 
damaged by Bre or water. By giving this prompt attention and sending the esti- 
mate immediately you will greatly oblige, 

(Signed) Yours truly, Charles A. Cowkn. 



'ire, \ 
>, 1898. ) 
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John A. Roebling's Sons Co., 
Manufacturers of Wire Rope and Wire, 
1 1 7-1 19 Liberty street, New York, June 29, 

Mr. Charles A. Cowen, 
289 Fourth avenue, Cily. 

Dear Sir : — 

We are in receipt of your communication of yesterday in regard to our estimate 
for replacing all our work in the Nos. 29-33 ^^^ '9^^ street building that was 
damaged by fire and water on Sunday, the 26th inst. The writer visited the build- 
ing yesterday and noted only a few spots in the ceiling where the plaster had been 
washed off and one or two small holes in the wire work. The extent of the dam- 
age to our wire construction is very insignificant. We assume that the necessary 
repairs will be largely done by the plasterer and that they will consist in removing 
the plaster loosened by the fire stream and breaking the key of the plaster above the 
wire where the wire ceiling is exposed, so that the new plaster can be pushed up 
through the meshes and secure a good key. We believe that the repairs to our own 
work will consist only of patching several small holes that have been cut or gouged 
through the wire. If you will advise us when the plasterer is ready to do the 
plastering, we would patch these small holes in the wire ceiling without charge. 
(Signed) Yours truly, 

John A. Roebling's Sons Co. 

The damage to the construction was found to be so slight that all 
the plaster work was replaced without notifying the John A. Roeb- 
ling's Sons Company to make any repairs. 

A number of insignificant fires have occurred in the various build- 
ings fire- proofed by Roebling methods, all of which were extinguished 
before doing any considerable damage. In the two examples here 
given in detail, the conflagrations were sufficiently extensive to repre- 
sent practical tests of the fire-proofing. The results are most gratify- 
ing, proving as they do that high efficiency in fire-proof construction 
is not only possible, but is realized commercially in actual buildings. 
This is all the more noteworthy because of the invariable necessity of 
explaining ** defects," ^'mistakes," ** oversights,*' ** omissions," etc., 
etc. , ad infinitum, when other systems of fire-proofing are subjected 
to the crucial test. 



TEST No. II. 



TKS'l' No. I. was the first of the series made by the Dei>artment of 
Buildings. At the time that test was made no standard had 
been established for the duration of the fire tests. In the tests 
made later of other fire-proof floor constructions the fires were main- 
tained for 2 3^^ hours, 5 hours and 6 hours. It was finally decided to 
adopt 5 hours as the standard length of time for the fire test and 
maintain a temperature during the last 3 hours of not less than 2,000 
dogrtvs Fahrenheit. This conclusion was based on the opinions of the 
engineers of the deparlmoni and a number of the captains of fire 
companies of the New York tire department, to the effect that a hot 
lire o\ 5 hours duration would, undoubtedly, represent the most severe 
test that wvnild ever occur in any building within the city limits. 
As the longest and most severe conflagrations usually occur in build- 
ing5i V ontaining large quantities of inflammable goods, it follows that 
the 5 -hour le-il. as adopted by the department, was deemed sufficiently 
severe 10 represent tiie worst store or warehouse conflagrations. 

Vtior avloptiuii a uie te>i v>i > hours, it was su^i^ested bv the Build- 
ing IVpaiuneni that the John A. Roebling's Sons Company submit their 
v\>t\>iiiuvHvM\ tor a socvMul tc<:. The couipany protested against this, 
vlauw.ng ,^:\is;^ iha: ^iucc the :\ po ot\ orstruction tested was designed 
Nivv .v'/.\ '.vM v^'tuvN. hv^io's. o'.v. . I'.e tost a!reavi\ made was sufficiently 
v\v»v\n\v^ \>i iIm: V 'ws or ' ,:\'.;rg^ . aiui second' that a different 
t\;vv* x\>'.\n',:.:n :.v^v. \nv^ \'. Iv "^e . r. ^\aroh.^:se> and similar build- 
•:\s;n r;\o vk*i^i-::uvvv. . ':\^\\o\or. r.s.^tvV. t.w: : he same construction 
X '^'a ;,x\'. v»i i'o '^. '.O'i*. '0 :onu\1 a^^a r. !vV 5 ho v. rs, and the John 
V KocM'.ng'x Sou^ v\**.u*.\v.^\ -iw.lx vonscuuxi. bel-.eving that a public 
:<rs; 01 th,^; t\po ot vonsiv.vt^o:*. unvier >.:ch rgoro-:> conditions would 
t»r\^\c '*,^:e'.v^; *>u -^nvl •.n>i:i'.v:'\o :o ,;*c'^:cc:s a: v. er.^ineers, 

VSo v^*hc\i* iv'jVJt ot t**o s^>vv»v.v*. '.v^: :V**o\\s 
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Department of Buildings, 
No. 220 Fourth avenue, New York, 

July 22, 1897. 

John A. Roebling's Sons Co., 

117 and 119 Liberty street, New York. 

Gentltmtn : 

The following is a report in detail of the Roebling floor construction, 
tested with Are and water October 28, 1896, which incorporates the 
reports of the several representatives of the building department 
present during the progress of construction of test structure, conduct- 
ing of the fire and water test and of the subsequent 600-pound load 
test, accompanied by detail drawings and photographs of test. 

The building for the above test was constructed near the southwest 
corner of 82d street and Boulevard, on a vacant lot extending from 
8ist to 82d street, on west side of Boulevard, measuring 91^ from curb 
on Boulevard, and 65^ from curb on 82d street. (See photograph 
No. 1,046.) 

The following drawings to accompany this report and to be con- 
sidered a part of same : [See inset drawings opposite pages 8 and 12. ] 

Drawing No. 39, showing longitudinal section of test house, trans- 
verse section of test house, elevation of test house, framing plan of 
test house, plan of grates and flues, and plan of floor. 

Drawing No. 40, showing detail of iron framing. 

Drawing No. 41, showing j^-size detail of center bay floor. 

The foundation of test structure consists of concrete 18^^ deep under 
all walls flush with north and south walls and extending \(y'^ outside 
of east and west walls. 

Walls 16^^ thick below grates and \2" thick above, built of bricks 
upon concrete foundations, around steel frame work. Frame com- 
posed of I beams set upright at corners, connected by I beams at top 
and bottom on all four sides. Frame further strengthened on all four 
sides by means of two \%'' tie-rods crossed. For detailed informa- 
tion on this framing see drawings Nos. 39 and 40. 

The mortar used in construction of all brick work is a good quality 
of Portland cement mortar. 

Two sets of grates in building, upper about 2/ ^^<^^^ ground, and 
lower about 2^ below the first. These grates composed of ^^^X4^^ 
flat iron, placed 9^^ between centers, resting on walls about 4^ apart. 
These walls running east and west, dividing furnace, below grates, 
into three sections. (See drawing No. 39. ) 

Fines l^" square were provided at each of the four comers of test 
ttmcture and carried up to a height of 4^ 6^^ above top of floor. 
Sheet-iron check dampers were provided over openings at top. 

Floor beams consist of 10^^ 25-pound I beams, placed j/ ^^H^^ 
iMtween centers, with a clear span of 15^ between brick walls, bolted 
•0 13^^ giiden and stiffened by means of two tie-rods to each bay. 



Ix>cation of test 
structure. 



Drawings 

showing 

construction. 



Foundation of 
test structure. 

Walls. 



Mortar. 
Grates. 



Flues. 



Floor beams. 
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:erior beams having ic/'^ 25 -pound I beams bolted to their 
web of the one being perpendicular to that of the other, 
ig No. 40.) Moment of inertia, 1 15.0 ; lawful bending 
,7$0 ft. lbs. ; safe uniform load as applied in test, 263 lbs. 

: for arches consists of No. 19, 4- warp, 2-iiIling wire cloth, iron work in 
means of ^f^^^ steel rod woven into the cloth at intervals •'ch. 
'. This centering was supplied in sheets and sprung in 
t floor beams in the form of an arch with the ends of the 
g against the beams. Over the crown of this centering, 
el rods were laid parallel to beams and secured to each of 
g rods to secure proper longitudinal bracing. Heavy gal- 
e was dropped from every alternate stiffening rod and at- 
ire cloth of ceiling. 

wire arch so constructed, there was filled in on September Material of arch, 
ncrete of one kind (to be subsequently described) cover- 
beams about )4^^f ^"^ above this another quality of con- 
id on October 5, 1896, 2^^ thick, in which were imbedded 
"s at right angles to floor beams. (See drawing No. 39.) 
rcte between beams composed by bulk of — Concrete. 

5 parts cinders, 
2 parts sand, 
I part cement, 
1.35 parts water. 

rem steam boilers contained a fair amount of clinkers, 
broken, as much as possible, during mixing. 

fairly coarse Cow Bay sand, with gravel in same of about 

diameter. 

Danish Portland, from George W. Newcomer, No. 126 
tet, New York. Each mixed twice before adding water, 
Mrhile water was being added. The concrete, after being 

was carried in buckets to structure about 20^ and laid by 
h a common shovel, it being lightly rammed and leveled 
th about ^^^ above beams ; during this work and at time 
Iter was dripping from the concrete. The concrete filling 
epers was laid one week after concrete arch was laid, 
ortions are — 

1 part Aalborg cement, 

2 parts sand, 

9 parts cinders. 

.alborg cement from George W. Newcomer, No. 126 Lib- 
Sand and cinders same as used in concrete for arch. In 
iers were spread out first, on top of which sand, and then 
on top ; all turned twice, two buckets of water thrown on 
d then mixed once. Total water used, 33 buckets. Con- 
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il i; :" ■'-* -' .- T "^a^ 1 a led with brick 
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:«T : " ii -. : : *-:=:« of rre. -I35. 
r i«. TT •: -x-i :.!-i or, up jer grates to 



Mca"Sv: I'V^rrx 



Fuel c.»:;>i>tir.^ :' i:;. . r 
a dej ih oi" ah ^ul 2', :::-\t : -rr. • . - .-^ nr ..-.:. i':,i saturated wilh 
oil. .\fior :hU r'.rst --;.;> ■^■"i> > '-_ ■_*i. rur.her wood was thrown 
on tire, a: interval?, whe:. ' ^e '.t ".. t>.: u^:. *«?: ioor. 

Teniper.iluref. iurir.y: :;.. : : -vt- :" :r.f ' r>^. were noted by means 
•ng icmi>er.i:;jrt.> of the I eh'.ing. S:ei:.: .1:: .v «/ :.•.. ary ? 7'':."-v.e:rr. under the personal 
an.i drflcot:on- direction o!" ihe i:.\e:.::r. ar 1 ': > ■ ra- - :' :i-::::^ the time of melting 
ot various me:a" j *.-»:- ■.■■.-tr:e.: - ''r- :.:r.-^h small oj>ening in north 
wall. The ob>erva;:.v'.> :. : ■.e-.rrir: r.ir.i ie-ec:ions of tloor were 
made l»y moan> . :" ..r. t:.j: r.eer > :ra- -•-. :- ur.ted u;on a scaffold built 
about 10' south ot" -.he its: s:7U.:..:e. 1 r.ree ?:gbt tikIs, upon which 
wore mounted rea^iir.ii scale? ^ra.iuatc : : ■ ■• of an inch, were setup 
at the ea-it and we>: er.d? of :r.i : ile lay. alvu: S" from walls, and 
onr halt way between the ■ :htr :a^ Phr.jgraph No. 1,051 shows 

nmnner ot" taking derecti- i> . 

The lire was to be apj lievi o.^-.tir.u u?ly for :-ve hours, and during 
the last four hours ot which a te:::: ir.-.:urr -.f from 2,000 to 2,100 de- 
grees l-'ahrenheil maintained, ar..:. if : .->:: le, to secure, at one in- 
terval, u temporatuie ot 2, ;cv^ decree? Fahrenheit. 

Al the expiittlion of live hour>. water to ':^ applied through a l»i" 
nozzle, with «u) pounds pre>sure, to the interiv-^r for 15 minutes. Daring 
the fust live minutes, the water to be directed against the ceiling, and 
during ihr other ten minutes, the water to be applied to walls and 
ceiling, piineipally lo the latter. Then the water to be shut off ind 



I*rv^r,immf of 
tiro .tnd u.uri 
test. 
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applied to the top of floor for Bve minutes, under low pressure, flood 
ing same, and again returning to inside of structure and applied to 
grates to entirely extinguish Bre. 



Time H. M. 


Tempera- Deflections, 
tures, deg. F. inches. Remarks. 


lo:o6 A. M. 


Fire started. 


10:15 *' 
10:38 " 
10:45 " 


1,025 -165 

1,075 

1,150 * [Pyrometer in col 



Log of fire and 
water test. 



10:50 
10:54 
10:56 
10:59 
II:oo 
II:02 
11:04 
11:05 
Il:o6 
11:09 
II:IO 



1,300 
^350 
1,425 
1,450 
1,500 

1,525 
1,550 

1,565 
1,650 





III 




",675 


11:14 




1,700 


11:15 






11:22 






11:24 






11:28 








=30 








=35 








=45 








:46 




1,738 




:47 








:50 




1,825 




51 




1,850 




=53 




1,900 




:53>^ 




1,950 




S4 




2,000 




M% 




2,025 




55 




2,050 




57 








:58 




2,000 


12 


;02 I 


\ M. 




12: 


:07 


i( 





.385 



.425 



505 



745 



■915 



structure, evidenced by black 
smoke continually issuing from 
nearest stack, while bright clear 
flame issued from all other 
stacks.] 



Plate A, with metal plugs of cast- 
iron, copper, aluminum and 
two cones were inserted at 
northwest corner of structure. 



Aluminum plug melted. 

Door opened, refiring, partitions 

unchanged. 
Door closed. 

Copper melted. 
Cracks in north wall. 

Plate A taken out. 



Door opened, refiring. 



Door closed. 



Door opened, refiring, partitions 
still in place. 



^ From field notes of Mr. G. C. Henning, engineer in charge of test for the Build- 
ing Department. 
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Lof of fire and 
Iter lest. 



Time H. M. tures, deg. F. inch' 
I2:OQ P. M. 



12 


:II 


• ft 




12:14 


• • 




I2:IO 


•« 


2.C00 


I2:lS 


ft* 




12:22 


%• 




12:25 


• • 


2.100 


12:25 


fttt 


2,150 


12:2': 


•« 




12 


:2S 


•• 


2.150 


12 


5t 


«* 




12 




«• 




12. 




•« 





1240 



12:^; 

12 55 
1 ^C» 
1 12 

I 2*? 

I ;S 



I ai 



; ^5 



I.U5 



1.315 



^.a^^ 



» :«5 



2,;cc 

2.lvX' 



2.CC^ 



2.2>H 



.. %^ % 






PUteB, with metal plugs of cast- 
iron, copper and almninoii, 
inserted at Dorthweftt corner 
of structure. 
Door closed. 



Copper melting (hi plate B. 



Cast-iron still nnmelted 00 
plate B. 



Cost -iron still nnmelted on plile. 
KefLfinii ^m ea»t openings onder 

grate*. 
Ivxr opened, resiring, plaster on 

cei!:r^ in fair condition, paiti- 

riv-^n oIcTre^te^i north. 



Lo: rer asd cast-in>n melted from 
•fAte B. 

Lvxr c-.er.frii. retiring, ceiling 
cra^rked on line perpendicular 
:c b<aa<. rardtioos gone. 

P.ate C w::h taeia! pings of cast- 
ir:c c:>rr<r azid aluminoo, 
:=jer:ed at ncrthvest comer of 



5vi"^:rir.j: ;br:c^ openings under 

^r:i:«w ••€« sade. 
Rt * "tj: "rlsied, copper inched 

:c 7." i:e C 
I<;*rrr^ :ir;^gb openings under 



5> 



2'Cv: 

2-l£ 



:>i 



i Vi-H 






under 
fin- 



v.aK-irav 



T^MttC. 



• y>«» ftri£ -iwrik A Ifc. ».% C. ivniiii^;^ 
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Tempera- Deflections, Log of fire and 

Time H, M. tures, cleg. F. inches. Remarks. water test. 

2:15 P. M. Door opened, refiring, one-half 

of plaster east side of build- 
ing down. 

2:l8 *' 2,130 * [Plaster and ceiling oflf half of 

east end of north arch.] 

2:19 ** Door closed. 

2:27 *♦ Cast-iron and so-called aluminum 

still on plate C. 

2:30 *♦ Top of floor too warm to hold 

hand on, five vertical irregular 
cracks in north wall, slight 
crack above door in west wall 
and two vertical cracks in east 
wall. 



Door open, refiring. 

Door closed. 

Cast-iron and so-called aluminum 
still on plate C, top of floor 
very warm and steam issuing 
from central part, some plaster 
still up. 

Plate C taken out with cast-iron 

and so-called aluminum still 

standing. 
Plaster all down and lower flanges 

of beams red hot. 
Water applied on ceiling and 

walls with i}4^^ nozzle, 60 

lbs. pressure. 



2:31 






3905 


2:40 






4.015 


2:44 




1.750 




2:46 








2:47 




1,850 




2:49 






4- 165 


2:52 









2:55 


•* 1 


,950 4.345 


2:59 


(t 


4.485 


3-03 


(( 




3:04 


i4 




3:07 


t( 


4.165 


3:08^ 


<( 


4.065 


3:09 


4( 


2.765 


3:10 


<i 


2.065 


3:" 


i< 


1.865 


3:13 


(t 


I. 815 


3:15 


<( 


1.765 


3:16 


(( 


1.695 


3:18 


« 


1.695 


3:19 


(( 




3:20 


(t 


I. 815 


3:21 


it 


2.065 


3-21 }4 


<( 


2.185 


3:23 


<t 


2.465 


3:24 


(< 


2.515 


3:25 


ti 


2.515 


3:27 


tt 





Water discontinued on inside of 

structure. 
Water put on upper part of floor. 



Water on top discontinued ; at 
no time did water entirely 

* From field notes of Mr. G. C. Henning, engineer in charge of test for the Build- 
ing Department. 
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Tempera- Deflections, Log of fire and 

Time H. M. tures, deg. F. inches. Remarks. water test. 

flood top, there being two holes 

bored through concrete into air 

space to prevent explosion of 

gases that might possibly have 

formed. 

3:28 P. M. 2.515 Water put on lower grates to 

quench fires. 

3:30 *' 2.515 Water on grates discontinued 

and put on ceiling. 

3:31 " Water shut off, arches in fair 

condition, steel segment rods 
displaced from south arch. 

3:32 " 2.515 

3:36 *« 2.515 * [During the entire test the py- 

rometer was in the coldest 
comer, demonstrated by the 
fact that, in the comer, diag- 
onally opposite, cast-iron plugs 
were readily melted from at 
least 1:30 to 3:00 P. M.] 

The average atmospheric temperature for the hours between 10 Atmospheric 
A. M. and 3 P. M., on the day of fire and water test, was 51 degrees '«"!>««*««»• 
Fahrenheit. The general direction of the wind was south. 

C. W. Thomas, of the College of City of New York ; Messrs. J. Witnesses of fire 
W. and F. W. Rapp, Constractors of the Rapp Floor ; Howard Con- *"** ""•'" '*•** 
stable, George H. Thomson, of George H. Thomson & Co., Con- 
stractors of the Thomson Floor; McCabe, of McCabe Brothers, 
Constractors of the McCabe Floor Constmction; R. W. Allison, of 
the Central Fire-proofing Co. ; Ira H. Woolson and Joseph Stmthers, 
of Columbia University; A. E. Uehling, in charge of pneumatic 
pyrometers; Wm. Kent, of the "Engineering News;" Col. W. A. 
Roebling and A. L. A. Himmelwright,representing John A. Roebling's 
Sons Co. ; John C. Quackenberg, Mr. Faribault, of the Department of 
Buildings, Brookl3m; and representing the Department, Comelius 
O'Reilly and Hugh J. Bonner, of the Board of Examiners, Acting 
Second Deputy Superintendent, F. M. Rutherford, W. W. Ewing, 
Isaac Harby, J. W. Cuthbertson, and G. C. Henning, Engineer in 
charge. 

Upon opening doors, before putting water on, it was seen that all Effecu of test. 
plaster and wire netting had been burned off, except in extreme 
cofners. 

The concrete and iron beams were red hot, and even after water 
had been played on some time, red spots in concrete still showed. 
Qoae examination of concrete (see photographs Nos. 1,053 ^^^ i>o52) 
showed that wire netting had been completely bumed off in the naked 



*Firoai fi^ notes of Mr. G. C. Henning, engineer in charge of test for the Build- 
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arch, as well as in those which had been protected by hanging ceiling 
and air spaces, except in extreme corners. The arches themselves 
were in good condition. South arch, steel segment rods displaced. 
The concrete arch proper seemed not to be affected in any way by the 
fire or water, except small spots washed away in places where water 
struck with great force. 

The center bay of floor was loaded on October 29 with pig iron and 600-pound load 
brick to 600 lbs. per sq. ft., and a deflection at the center of .52''^ was *'^**- 
noted immediately after the load had been applied. Witnesses of 600- 

G. C. Henning, A. L. A. Himmelwright. pound load test. 

The permanent deflection of the beams was 2j^^^ for south beam, Permanent set of 
and 2'^ for north beam. beams. 

Very respectfully, 
(Signed) Stevenson Constable, 

Superintendent of Buildings. 
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NOTES ON TEST No. II. 

In plastering the ceiling for this test, a "scratch coat" was first 
applied to the wire lath ceiling and this was finished as stated in the 
report, with a ** brown *' coat and a ** finishing'* coat. 

The partitions in this test were built exactly like those in Test No. 
I., except that a wood strip 3^ of an inch thick was placed under the 
steel studs, or uprights. The wire lathing and plaster work extended 
from the ceiling to the brick walls on which the partitions stood. The 
wo 3d strips allowed the studs to expand and thus prevented buckling. 
This was a marked advantage, as will be seen by comparing the length 
of time the (Kirtitions stood in Tests No. I. and No. II., before begin- 
ning to deflect. 

.\lthough the concrete arch was only 3 (three) inches thick at the 
crown, it was 2 o'clock, or nearly 4 (four) hours after the fires were 
started, before the top surface of the concrete floor began to warm up. 
The wood sleepers were laid directly over this thin arch, but no sign 
of charring was olx>erved when they were subsequently taken up. 

The exposed i>ortions of the tie rods in the south arch were covered 
with wire lathing and plastered solid, the plaster being ij4 (one and 
one-h;ilf > inches in thickness. v^See photograph No. 1,048, showing 
one of the rods. > These rods, being in contact with the plaster 
during the fire test, were found to l>e almost totally destroyed. A 
careful examination after the plaster around them had been washed 
away established the fact that the plaster had acted as a flux on the 
metal. This points conclusively to the necessity of interposing an air 
space iHMween the plaster and the iron it is to protect. 

Fne li^ht steel and wirv* lath ceiling and plaster remained in posi- 
tion intact for over 4 v^four* hours. This was an excellent perform- 
ance cv^nsidering the tem}vfratures maintained, and, taken in connec- 
tion with Test No. 1.. wo-.ild indicate that the wire lath ceiliogs wooM 
rem lin in place during a conrlagration lasting twice as long as Tcrt 
No. I. Svich severe conditions, hv»wever, rarely occur in any office 
buiUiini:. hotel or similar l^irlding. except, perhaps, in the mostex- 
posev: pUv-es ad join in*: sh.if:s, stairway wells, etc., and then overt 
snull area and v>nlv in a location which the nie department coold not 
reach. Kxen a^^amin*: ;ha: in ev^i^tiocal cases conditions as Kvat 



as those in this test might be obtained, there would be no indication 
whatever of the &ilure of the floor arches. The report clearly states : 
<' The arches themselves were in good condition. South arch, steel 
segment rods displaced. The concrete arch proper seemed not to be 
affected in any way by the fire and water, etc." In the most extreme 
cases therefore it would not be necessary to replace the floor arches ; 
the repairs would comprise a new level ceiling of light steel and 
wire lathing and the usual plaster finish. 

An important fact well worth recording is that neither the middle 
arch (which supported a total load of 9,600 pounds, or 150 pounds 
per square foot) nor any other portion of the concrete flooring 
deflected or ''sagged" between the beams during this test. This 
would indicate that the construction between the beams was not in 
any way strained, weakened or injured by the test. 

Figure 4 on the following page illustrates the eflect on common 
brick of the intense heat secured and maintained in this test. It is a 
reproduction from a photograph showing a small section of the 
interior surface of the walls of the test structure. As will be observed, 
the temperature was sufficiently high to fuse or melt ordinary brick ; 
the fused material turned black and either slid down the surface of the 
wall or hung to it in nodules, as shown. The concrete arch on the 
south side of the structure (see photograph 1,048) was unplastered, 
the under side being exposed to the direct action of the flames. A 
temperature which was sufficiently high to melt ordinary brick, as 
shown in the photograph, had comparatively little or no effect on the 
naked cinder concrete. It should also be noted that the brick walls 
of the test stnicture, 13" in thickness, were badly cracked by the heat, 
while the cinder concrete arches only 3" thick at the crown were 
uninjured. 

The excessive deflection of the steel beams just before the water 
was applied to ceiling at 2:59 ^- ^- ^^'^^ largely due to unequal heat- 
ing ; /. ^., the lower flanges of the beams being much hotter than the 
other parts of the beams, the greater expansion of the metal due to 
this higher temperature, caused increased deflection. As soon as the 
water was applied and the metal cooled the deflection was materially 
reduced as shown in the notes at 3:18 P. M. 

The amount of fuel consumed in this test was 7.55 cords, represent- 
ing a total average depth over the entire floor of the test stnicture of 
70.3 inches ; being 2^ times as much fuel as was used in Test No. I. 



STRENGTH TEST. 



IN THE latter part of the official report of Test No. II., under 
" Effects of the Test," we find the following : ** Close examina- 
tion of concrete (see photographs 1,052 and 1,053) showed that 
wire netting had been completely burned off in the naked arch as well 
as in those which had been protected by hanging ceiling and air 
space, except in extreme corners.*' 

An opportunity was thus afforded to ascertain not only the strength 
of the floor arches after they had been subjected to the regulation 
5-hour fire and water test of the Building Department, but also to test 
the strength of the arches a/f^r the wire had been *' burned off,'' 
The Department of Buildings was accordingly requested to make a test 
to destruction of the flooring that had passed through Test No. II. 
A complete report of this strength test follows : 



Department of Buildings, 
No. 220 Fourth avenue, New York 

September 10 

Uturs. John A. Roebling's Sons Co., 

Nos. 117 and 119 Liberty street, New York City. 



jrk, I 
, 1897. ) 



Sin: 

Herewith I present a report of a load test of your floor at 82d street 
lad BouleTard, on December 11, 12 and 14, 1896. 

The test was under the direction of your representative, Mr. A. L. 
A. Himmelwright, and was witnessed at all stages by Engineers W. Witnessc*. 
W. Ewing, R. B. Post, or Isaac Harby, of this department. 

The floor arch loaded was the same that was tested with fire and 
^ater on October 28, 1896. The sleepers and concrete filling were 
^removed from a part of the center bay, leaving bare the concrete 
■Improper. 

A section of the arch was then cut apart from the rest by chiseling 
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Isolation of part 
tested. 



Leveling. 

Beams shored 
up. 



Loading. 



out Strips about 2" wide from beam to beam, and cutting the ironwoik 
in same so as to leave an entirely independent arch of 3^ ^'^H" sp*A 
and 4^ long. The arch was cut out of the easterly end of floor ^' 
from east wall. 

Photograph 1,154. Section of arch cut out for load test. Xtsa 
P.M. December II, 1896. Looking east. 

A deflection in beams made by previous fire test caused the floor t» 
slope towards the center. This was remedied by giving the lower 
course of brick in the load a level bearing on sand. 

The floor beams carrying the arch were shored up aodemeath by 
means of wooden pieces securely nailed and braced. The point of 
shoring being at the end farthest from wall of the tested section of the 
arch. The object of this being to prevent as much as possible any 
further deflection of the floor beams. 

The part of the arch loaded measured 4^ x 2^ and 6^^, the edge of 
the part loaded being about %%'' from centers of beams on each side. 
After Ave courses of brick were laid on these dimensions, a platform 
6^^ and 7^^^ x 7^ and 3^^ was laid, upon which the additional loading 
was continued. Sight rods were set up in three places in a line 
through middle of arch at ri^ht angles to line of beams. Two of 
these rods were directly over beams and the other half way between 
same. 

Photograph 1,155. Load of 1,050 lbs. per sq. ft. Showing bear- 
ing on arch. 3 P. M. December 1 1, 1896. Looking east. 

Sights were taken on these rods by means of the transit which wu 
set up on scaflbid built upon top of flues. Observations were made 
by the engineer in charge after each new weighing of loads was 
put on. 

The weighings were made on a large set of platform tcales» and 
the amounts of each varied from 400 to 1,500 lbs., and were kcpl 
separate until placed u{)on arch. 

Following are the deflections noted under the diffierent loeds, incfaid- 
ing weight of planking used : 
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so 

After making several other observations than are given here, it was 
found necessary to abandon the use of the transit, as the loading if- 
fected the position of the instrument, and also became so high as to 
interfere with the line of sight. 

The loading was continued on December 14. 

At 2:30 P. M. the supply of brick was exhausted when 3,800 lbs. 
;y.«/: 'Jingernus. pg^ s(j. ft. had been put on. The load was further continued by pla^ 

ing irregular stones on top of ilie brick. At 2:55 P. M., 2,000 lbs.o{ 
stone had been added. The pile was then about 1 2^ high and wis 
becoming unstable. 

Photograph 1, 161. Total load of 4,055 lbs. per sq. ft. on ardi. 
3:30 P. M., December 14, 1896. Looking northeast. | 

After reporting this fact to your re|>resentative, by telephone, hed^ 
cided to cease loading. After the load had stood 30 minutes, three 
men went on top of same to unload. 

Their weights are to be added to the total weight on arch. 

Hefore unloading the arch, a measurement was made of the amount 
't'j^;ti 'ic6<;< tiori. of deflection by laying a straight edge from beam to beam, wbea it 

was found that the crown of the arch at the west end had deflected 
^^ of an inch. 

The total load which arch held u|> was composed as follows: 

Brick, ..... 
Stone, ..... 
Planking, .... 
Three men, .... 

Total, 41,000 



38,000 


lbs 


2,000 


(t 


550 


I* 


450 


(t 



ft 



distributed over an area of lo st]. ft., ecpials a load of 4,100 lbs. 
per srj. ft. 

\'ours truly, 
(Signed) Stkvenson Const.\ble, 

Supenntendent of Bitildingt. 



^OTES ON STRENGTH TEST. 
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ramming. The manipulation of the concrete in this manner secures 
(i) ample strength, as shown by this test: (2) lightness; and (3} 
porosity : the latter quality making the concrete a better non-conductor 
of heat and cold, and being especially important in a material which 
is intended to withstand violent and sudden changes of temperature 
without cracking or disintegrating. 

The official report distinctly states that the wire **had been com- 
pletely burned otV in this arch. The results of this test would there- 
fore indicate that cinder concrete, when used in compression as in the 
segmental arch, is capable of developing ample strength under the most 
rigorous conditions and that the arch does not dej)end upon the wire 
centering ibr any considerable or essential part of its strength. The 
wire centering undoubtedly adds to the strength of the arch under 
normal and ordinarv conditions and has manv constructional advan- 
tages which are enumerated elsewhere : but the strength and efficienq 
of the segmental concrete arch is practically independent of the wire 
centering, as is conclusively proven by this test. It will therefore k 
evident that in severe and long-continued conflagrations the light steel 
ribs and wire may be heated to such a temperature as to render theiD 
valueless as an element of strength, without seriously imjiairing the 
strength or safety of the arch. This relation between the concrete 
and the light metal components of the arch, and the porous character 
of the concrete as secured by this method, are unique and superior 
features which distinguish this from all other forms of** steel -concrete" 
fire-proof construction which invariably have the serious and fatal 
defect of dej^ending almost exclusively tor strength upon the light 
metal iml^edded in the concrete at or near their under surfaces. 

The reiH>ri slates that the maximum deilection of the concrete arch 
between the beams under the load at the end of three days, was ^ 
of an inch, .\tter the load was removed, the permanent deflection 
was rciluced to 5j^ o\ an inch. This would indicate that this type of 
concrete arch possesses elasticity to a considerable degree. 

The concrete arch which sustained this enormous load, after passing 
through the regulation five-hour tire and water test, has been carefully 
prt*sorved and is on exhibition at 121 Li lierty street. New York City. 
Alter the expiration of nearly three years the concrete shoi»*s Designs 
of deterioration, but seems, on the contrary, to be impro\ing with age. I 



COMPARATIVE TEST. 



I. — CONCENTRATED LOAD. 

September 3, 1896. 

f r THILE THE structure for Test No. I. was being prepared for 
▼ ▼ the Building Department, a smaller brick structure, 12'x 14', 
was erected near by for the purpose of making a comparative 
est. The brick walls were 13" thick and were built up to a height 
)f 8' o" above the ground. The steel frame shown in photograph 
•^o. 1,026 consisted of 4 steel I beams 10" deep and weighing 25 
>ounds per lineal foot framed into two 12" I beams. The beams 
v^ere so arranged that two 5' spans were provided 12' long between 
vails with a space of i foot between the arches as shown. A door 
»^' X 5' was provided in the front wall and two smaller openings 12" 
quare were left in the rear wall about 6' above the ground. Between 
he beams of the south arch a hard-burned hollow-tile arch was set. 
The blocks for this arch were 10" in depth and of good quality, 
jeing selected from a lot delivered at and intended for the floors of 
one of the leading New York hospitals then in the course of construc- 
tion. The arch on the north side of the structure was a Roebling 
concrete arch similar in every way to the arches in the Building 
Department test structure except that the span was 5'. The space i' 
wide between the beams was filled with concrete ; the web of each 
beam being concreted separately with a small space between so that 
each arch could deflect independently. A concentrated load of com- 
mon brick weighing 9,000 pounds was distributed over 15 sq. ft. in 
the middle portion of each arch. See photograph No. 1,037. 

The fire in this test was started simultaneously with that in the offi- 
cial test at 11:10 A. M., September 3, 1896. The fuel consisted of 
seasoned oak and hickory cord-wood. At 12:30 the fire was extin- 
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guished and the under side of the arches cooled by a regulation fire 
stream from one of the fire department engines. Photograph No. 
1,039 shows the condition of the under side of the arches after the 
fire and water test. Neither arch sustained any damage other than 
the displacement of some of the plaster. 

The object of this test was to show that the Roebling arch in an 
average fire would j)rove itself to be at least as strong and as safe as a 
well -constructed hollow-tile arch. It was claimed, however, by some 
of the hollow-tile manufacturers and others who were present, that 
the test was without significance, and that to have any value the arches 
should be fired until one or the other failed. Acting on this sugges- 
tion the ceilings of both arches were repla.stered on October ist and 
tested with fire on October 27, 1896. In order to get decisive results 
a load of pig iron was substituted for the brick ; 10,000 pounds being 
distributed over an area of 7 sq. ft. in the middle portion of each of 
the arches. The small openings in the east wall were closed u|) and 
openings of the same size were cut in the arches near the corners on 
the east side of the structure and chimneys about 30" high built over 
them. The fuel was similar to that in the first test. Following is 
the log of the second test : 

Time H. M. RemarkH. 

10:00 A. M. The fire was started. 
IO:o8 ** The white coat of plaster cracking and lieginning to 

peel off. 
ID: JO •• The white coat of plaster off in many |)laces, and at 

others clinging to ceiling. 
Plaster still intact under both arches. 
Draught regulated by a sheet- iron door. 
Rough plaster of ceiling still intact under both arches. 
Rough plaster of ceiling still intact under both arches. 

Copper plug for indicating temperature not fused. 
Copper plug not fused. 

Rough ])laster still in place ; cop|)er plug not fused. 
Chopper plug fusing. 

Cracks beginning to form around load in hollow-tile arch. 
Cracks opening parallel to wall and adjacent to it along 
both arches. That fwrtion of the hollow-tile arch 
directly under load slightly depressed IjcIow level of 
the remainder of arch. Joints opening and smoke 
issuing around load on flat arch. 
2:05 •♦ Load over flat arch drop]>ed through suddenly to the 
ground inside the brick structure. 
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Figure 6 shows the test stnicture after the failure of the hollow -tile 
arch. Photograph 1,055 is an enlarged view of the opening in the 
hollow-tile arch made by the load breaking through. Figure 7 is a 
view of the interior of the test structure after the failure of the tile 
arch. Additional data in regard to this test : 

Iron work erected August loth. 
Roebling arch concreted August nth. 
Flat arch erected August 10th to nth. 
Thickness of crown, Roebling arch, 3 inches. 
Proportion of cement mortar used in setting flat arch — 

I part Aalborg Portland cement, 
I part sand. 

Proportions of concrete used in Roebling arch — 

1 part Aalborg Portland cement, 

2 parts sand, 

5 parts steam ashes. 

The plaster for this test was furnished by the United States Mortar 
Supply Company. 

This test was simply comparative. The highest temperature 
obtained was probably about 1,950 degrees Fahrenheit. The total 
amount of fuel consumed was 3.72 cords which was equivalent to an 
average depth of 36 inches over the floor area of the structure. About 
one quarter of this fuel was consumed during the first test and the 
remainder during the second test. 



COMPARATIVE TEST. 
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arch blocks to be erected in the usual manner according to law (which permits 
:-s 8'^ deep between beams spaced 5^ center to center). The arch blocks to be 
leep, either side or end construction and of hard-burned clay or porous terra 

A low-grade Rosendale cement consisting of one part Rosendale cement to two 

of sand and ten parts of steam ashes to be filled on top of both arches to the 

urface of 2" x 3'^ wood sleei^ers. 

FJoth arches to sustain a distributed load of 300 pounds per sq. ft. during the 

the load to be so placed that no part of the load shall be less than 2^^ from the 

e edge of top flange of beams. 

The test to be made 30 days after the arches are in position, and to consist of a 
test four hours in duration, in which an average temperature of not less than 
o degrees be maintained during the last three hours, and a final temperature of 
less than 2,100 degrees to be secured immediately before the application of the 
stream ; the fire to be (juenchcd by a fire stream from one of the regular New 
k fire department engines, i y^^^ nozzle, 60 jxmnds pressure, stream directed at 
directly against the under side of the floor for a period of ten minutes sweeping 
cwards and forwards as rapidly as p>ossible over the entire surface of the ceiling, 
nder side of said floor ; at the same time the floor to be flo<:)ded on top to a depth 
^^ by another liose. Then, in case no decisive results are reached after an 
nination, the test to be refired for four hours and quenched, repeating the fore- 
g test until one or Ixjth constnictions fail. 



'hese conditions as draughted in the letter of acceptance had been 
ussed in detail with the Superintendent of Buildings and had 
n approved by him as being eminently fair and representing prac- 
1 conditions. 

"he letter of acceptance was transmitted to the challenging party 
the Superintendent of Buildings on September 16, 1897. They, 
rever, refused to accept the conditions proposed, their principal 
action being that they proposed a 24 hours* continuous fire test 
claimed that the four-hour fire and water test suggested in the 
er of acceptance was not of sufficient duration to test their 
erial. The duration of the test as already stated had been care- 
y considered by the Superintendent of Buildings who expressed 
opinion that no fire could continue to burn longer than four hours 
lin the city limits without either being reached by the firemen or 
ig out on account of lack of fuel. It was believed that the four- 
T fire and water test as outlined represented as long and as intense 
>nflagration as was ever likely to be realized under practical con- 
ons ; and that if both arches passed through such a test success- 
y, the only fair and practicable way to get decisive results in a 
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<offj|/ar.-//.'. of V'-T..' ".^.z \\ »'>--C '^t :o reiPca: the tea until oneol" 
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lioiis III luit k and hollow tile, it was necessiiry in his opinion that a 
lest lu' inadr in which thr two materials were tested side by side in 
tlie snnr struiluri' and under identical conditions. 
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experienced men to set them ; but the invitation was not 
i Hollow-tile arch blocks of some make or brand were 
isable in order that the test could be made, and this material 
3 necessarily the product of a competitor in the fire-proofing 
;. The John A. Roebling's Sons Company, fully appreciating 
icacy of the situation, accorded the tile manufacturer every 
^ possible under the circumstances and studiously refrained 
ving his name in any of the published data and accounts of 
The tile manufacturer, however, utterly misconstrued the 

and purposes of the test, and by his violent antagonism and 
protests unwittingly advertised himself very extensively as the 
:turer of the material tested, much to his subsequent dis- 
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COMPARATIVE TEST FOR THE BUILDI! 

DEPARTMENT. 



The comparative test as finally made was similar in every 
test as originally contemplated except that the load on the 
reduced to 150 lbs. per sq. ft. and the duration of the fire test 
to {\\Q hours. These modifications making this test confc 
standard conditions as adopted in the former tests of the 

Drawing No. i shows the general plan of the test 
approved by the Superintendent of Buildings. It was ei 
vacant lot on the northeast corner of Sixty -eighth street and J 
A, New York City, and consisted of brick walls with a steel 
frame. The inside dimensions were i2'-o"x i4'-o". 
interior area corresponding to the floor was a main grate, 
of flat steel bars set on edge and resting on parallel brick 
a distance of i / > ' under the main grate was a secondary 
which fuel could be fed from the outside through openings in 
Suitable openings were also provided that fuel could be fed on 
grate. Ten feet above the main grate, corresponding to the dp 
and floor of another story of a building, were the two systemftflC 
proof flooring to be tested, constructed between four steel 
de.ep and weighing 25^2 pounds per lineal fool. These 
bolted to plates which rested on the end walls. The 
spaced so as to form two spans of 5' each, with a distance 
between the two middle beams. Filling the space between f 
beams on the west side was a concrete arch, constructed a< 
the Roebling System. The space between the beams on 
side was filled by an end construction, modern pattern, 
flat arch. Alcove the arches was a concrete filling, represenl 
usual practice to bring the fire-proofing to the level of 
floors. At each of the four corners of the structure, a short 
below the fire-proof floors, were openings through the 
which communicated with four pipestacks, 15" in diameter 
high. Two thin iron plates with graphite grease applied ID^ 
faces, separated the two arches from each other along the 
of the structure, and similar plates along the side vi-alls 
of the arches from the walls. These plates permitted 
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t independently of the other. Eighteen (i8) points were pro- 
with leveling rods, readings on which from an engineer's level 
id the deflection of the two arches to be accurately determined, 
ers in the pipestacks and iron doors in the openings regulated 
aft and secured thorough control of the fires. To insure better 
)1 of the fire stream and to avoid the intense heat upon the fire- 
he use of a swivel-block, to which the hose could be attached, 
iggested. 

J site of the test structure was selected on October ist, and 
rations were at once begun to erect it. One or more authorized 
entatives of the Building Department were present during all 
of the construction, and two day- watchmen and two night- 
men were detailed to guard the structure and prevent outside 
erence or injury. In order that there should be no question or 
as to the details of construction, character of workmanship, 
o( this test, photographs and voluminous, minute and accurate 
were taken by the engineers and other representatives of the 
tment for record. These are given tn /u/i as follows: 

FIELD NOTES OF ISAAC HARBY. 

(Building Department Records.) 

cd at 4:30 P. M. at Sixty-eighth street and Avenue A. Took October /ih. 

raph of RoebHng and hollow-tile tests, iron frame for structure, 

I south, at 4:45 P. M., J. B. Nau. witness. Left at 5 P. M. 

P. M. arrived at No. 220 Fourth avenue and received orders to October 8th. 

ixty-eighth street and Avenue A. Left 220 Fourth avenue at 2:20 

Arrived at Sixty-eighth street and Avenue A at 2:45 P. M. and 
work progressing on walls and iron framework of Roebling and 
•tile test. Left Sixty-eighth street and Avenue A at 3:05 P. M. 
ed at Sixty-eighth street and Avenue A at 8:50 A. M. At 10:30 October 9th. 
took photograph of Roebling and hollow-tile test showing iron 
in place, looking east, J. B. Nau. witness. Left Sixty-eighth street 
enue A at 10:35 *^- ^^^ 

ed at Sixty-eighth street and Avenue A at 10:30 A. M. At 10:35 October xaih. 
took photograph of Roebling and hollow-tile test showing walls 
up, looking northeast. D. H. Baldwin, witness. At 10:40 A. M. 
jotograph of Roebling and hollow-tile test, walls partly up, look- 
thwest, D. H. Baldwin, witness. At 10:45 1^^ Sixty-eighth street 
enue A. 

45 P. M. arrived at Sixty-eighth street and Avenue A. At 3 P. M. October 13th. 
lotograph of Roebhng and hollow-tile test showing view of hollow-- 
icks to be used in test, looking northeast, A. K. Moore, witness. 

P. M. took photograph of Roebling and hollow-tile test, showing 
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\u:\\ nf lif)ll<P\v-ii)e l)lf»ck> to Im> used in test, looking southwest, A. E. 
Mnnri'. witni'NS. At 3:15 I*. M. took photograph of Rocbling and hoUov- 
tilt' ii'oi tliiA\iii}r walls in progress of construction, looking noilboui, 
A 1:. Miinrf. \\itncs<i. At 3:30 P. M. left Sixty-eighth street and Alt- 
nil'- \. 

■^' .i 55 I'- M- arrived al Sixiy-cighth street and Avenue A. At 430 
I'. \l. I'ink |)h(itogni|)li of Koobling and hollow-tile test showing wall ■ 
proKH's^ of c«>nstructi<»n, looking northwest, A. E. Moore, witncM. Al 
.y.ji<i I'. M. Irft Sixty-eigliili street and Avenue A. 

At I r. M. anivi'd at Sixty-eighth street and Avenue A. Waited for 
;iM'iv:il of kdchlings' rtrpresentativc to witness work. At 9 P. M. MkA 
p)i<iiM<^r.ip|i fif hill low -tile blocks to be used in test, looking norfht J. E 
Niiii. \\ itm-^s. At 4 P. M. left Sixty-eighth street and Avenue A. 

At it.i:^ A. M. iirrivcd i\t Sixty-eighth street and Avenue A. In^Md- 
iti^ uiirk (in Koi'bling and hollow-tile arches. At 1:30 P. M. tookphoto- 
^:rMpli iif KiM'bliiig and linllow-tile test showing one line of arch tdocb 
a>«.i'inl)lrd. looking n«»rth. W. W. lowing, witness. Al 1:50 P.M. took 
|iliiiingrap1i of Korbling and hollow-tile test showing Roebling iron 
(-riiii-is in plao', looking northwest, \V. \V. Kwing. witness. At 3:10 
I'. M. took photograph of Roebling and hollow-tile test shoviing boUov- 
till' airhi'^ bring si't, loi^king south. |. B. Nau, witness. F'illed Janviih 
s.inipirs ot sand, ot'nient an<l cinders, witnessed bv Messn. A. L. A. 
Ilnntnrlwri^ht, II. \V. Hodge, A. Ptiuli, N. Poulson and Howani CoB> 
stabli'. Wciglu'd box filled with one cubic foot of concrete, whidi was 
cijual to 117 potiniN : wtMght of one empty box, 12 pounds. At 5:n 
r. M. Irli SiMy-i'ighth stn'i't and Avenue A. 

Al II A. .\I. arn\rd at Sixty -eighth street and Avenue A. Found the 
work ni>t rrady for photogra|>h. .\t 11:30 A. M. left Sixty-e^th Mrert 
and \\i'niu' A. At 3 \\ M. arriveil at Sixty-eighth street and AvameA. 
At ,^:3v) l\ M. took ]>lioto^raph of Roebhng and hoIIow-tile test 
top of .iivhrs aftt'r M'tting. Io« iking north, j. H. Nau and John O't 
wiinf-.*.!-*.. At 4:03 V. M. loft Sixty-eighth street and Avenue A. 

\j II A M. arrixi'd .it .Sixtx -eighth street and .Avenue A. At IIZJP 
A. M. iitok p)ii>t\i^ra]ih of Kocbling and hollow-tile test showing aorti 
i-nd of kofblniL: aroli with now bolt>. looking southwest, J. B. ^la[i^Vit- 
no^>. \t 4 ^5 1*. M. loft Sixty -oightli street and Avenue A. 

\i ii\^'> \. M. arri\od .11 Sixty -oighth street and Avenue A. 
]n>ini^ for ^ivilit rmN in Kooliling mu\ hollow-tile test. At la Iff, 
p!i>>t>\grap!i of Roi-blini: and hollow -tile test, top of hoUow-4ilc 
sfioWMi'.; pla-ii-'inji in ioint>, looking northeast, J. B. Nau. 
i_Mn r M t.«i»k phi^iojiraph of Koobling and hollow-tile 
lin.ii-- N-.dr ''f aroho- boforo on 10 ring was removed, looking l^ 
Na;: w in*-^^ At i IV M. !ofi Si xi\ -oighth street and Avenue A. 

\! J I' M. arnxod at Sixiy-o!v;hth >irooi and Avenue A. AtarjOJ^W- 
i.'ox ;>^ .<i-.<^:apli of Kooi^l<ng and hollow-iile test showing ceOfalgflbr 
oi:ri-r:'«^ 'ad boon !oino\o*.!. looking up. John O'Connor and W*V. 
i;w:'^i; w .tiif-^No-* \i 2 ;;5 V M. look pht.>iograph of Roebling aad 
lioUow -ti'o to^i v^ow tii: northo.!-*! corner of ceiling after centering bid 
boiM' ritn.uod ov'k'ij; \:\\ I IV Nau. w itno». .\t 3:30 P. M. left SiztT- 
o'.i;)i'.'; sirii-t a'ul \\oniio .\. 

\i u» 1; \ M ar;:\od M S\i\ -o:j:htI; >iroot and Avenue A. At xo:X7 
\ \l loti .'s:\t\-o v:'-.:!! Niriit .nd Avoniio A 
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November ist. 
November 8th. 



November iilh. 



November t2th. 



November 13th. 



November x6th. 



November i8th. 



At 3:15 I*. M. arrivcil ai Sixty-eighth street and Avenue A. At 355 
I\ M. Ifft Sixty-oiKhth si reel and Avenue A. 

.\t 11:05 .A. M. arrived at Sixty-eighth street and Avenue A. At ii:a; 
A. M. took photograpli of Ki>ebling and hollow-tile test showing under 
side of f1o(ir after b(^'1ms had l)een p1a«%tered and crevice betvkecn ske« 
backs. At 11:45 -^- -^*- '*^f* Sixty-eighth street and Avenue A. At i 
P. M. arrived at Sixty-eighth street and Avenue A. At 2:30 P. M. left 
Sixly-eigiith street and Avenue A. 

.At II A. .\I. arrived at Sixty-eighdi street and Avenue A. At 12:55 
T'. M. siiniples of sand, cement and cinders placed in jars and labeled 
and sealed in the presence of .A. L. A. Himmclwright, Howard Con- 
stable, \V. VV. Kwing and Isaac Harby. At 1:05 P. M. one cubic focu of 
concrete in box weighed and found to be equal to 93K pounds; box pre* 
viously weighed and found to be ccpial to 12 pounds. At 12:15 ''• ^^- 
took photograph of Koebling and hoUow-tilc test showing top of floor 
just before putting on concrete fill, looking northwest, J. B. Nau, witness. 
At 1:45 1*. M. took photograph of Roebling and hollow-tile test shoving 
top of floor after concrete had been put in, looking south. J. B. Van. 
witness. At 2 P. M. left Sixty-eighth street and Avenue A. 

At 9:10 A. M. arrived at Sixty-eighth street and Avenue A. At 9:45 
A. M. took photograph of Koebling and hollow-tile test showii^ under 
side of arches with space between skew backs plastered. looking up, J. B. 
Nau, witness. At 11:50 A. M. took photograph of Roebling and boll«w- 
tile test showing brown coat of plaster on Roebling arch, looking south- 
west. J. M. Nau. witness. At 12 M. left Sixty-eighth street and Are- 
nue A. 

At 10:50 A. M. arrived at Sixty-eighth street and Avenue A. At 11:30 
A. M. took photograph of Roebling and hollow-tile test showing under 
side of floor with finished ceiling, looking south, J. B. Nau, whnest. At 
11:45 •^- ^^- '**^^ Sixty-eighth street and Avenue A. 

At 9:10 .A. M. arrived at Sixty-eighth street and Avenue A. At 10 
A. M. set two men to work building stands for instruments. At 4 P. M. 
took photograph of Roebling and hollow-tile test showing gnte bus being 
put in place. At 4:05 P. M. left Sixty-eighth street and Avenue A. 

.\t 9:10 A. M. arrived at Sixty-eighth street and Avenue A. Weigiked 
stone for loading. At 5:30 P. M. left Sixty-eighth street and AvenoeA 
to get transit from northwest comer of St. Nicholas avenue and One 
Hundred and Twenty-sixth street. At 8:30 P. M. arrived at Sixtf^ 
eighth street and Avenue A and proceeded to load structure. At8:tf 
P. M . set up instrument. Bench mark on top of old Guastavino kih 
ecpial to 8,605. At 8:55 P. M. sight rods reading: 



A. 
B, 


6.17 
6.75 


C. 

n. 


7.90 
7.05 
6.00 


I". 


598 



o. 

H, 
I. 



6.ao 


M. 


725 
6.17 


N. 

0. 


7-97 
5.98 
6.74 


P. 



4.86 
6.16 

470 

5-3a 



So 

At 11:40 I*. M. structure loaded to 150 lbs. per sq. ft. 

A. 6.18 (;. 6.23 M. 5.98 

B, 6.70 H. 7.22 N. 4.92 
(', 7.</) I. 6.13 O. 6.16 
I). 6.(/) I. 7.97 P. 4.76 
1:. 6.48 K. 5.98 Q. 5.23 
• ". '^05 L. 6.52 R. 5.32 

Al 11:45 '' ^' •<'^' Si\t\-eij,duh stroft and Avenue A. 
Novrml>er ii;»h. At 8:30 A. M. approached Sixty-eij;hth street and Avenue A and 

irrrivrd nr<K'rs from Mr. W. \V. I^winjj to report to the office at No. 
-'JO l"«»urtli a\«'nuc at oner. At 9:05 A. M. arrived at 220 Fourth avenw. 



KIKI.I) NOTKS OF ARTHUR K. MOORK. 

(lluildinK Department Records. 1 

()« ioJkm I <ili. Ki-porlfd and relie\i-d Kettii;. Mossenjjor. at Sixty-eighth street and 

.\\»-iuu' \ at 7 .\. M.. and wateliod h«»llo\v-tile until 7 I*. M. The follow- 
ing li^i «>t lilfs \\;is uKide l)\ Tlionja^ Heatlcv. jr.. and vrrified hy Me>- 
s«'ni;rrN Krtlii; an<l tn\self: 

08 lari;e tile^. 

ji) skew hacks. 

10 half-skew hacks. 

-I l.us^e closfrs. 

21 small tlat closor-*. 

Ktl'cxcd h\ Kcitii; at 7 IV M. 
iVtol«ri 14th KclicM'd Kciiii: at 7 .\. M. aiul rt-mnvt-d tiles durmg the day closer to 

the w.Hvli housr Krlie\ctl h\ Kctti^ at 7 \\ W. 
vKioIh"! isth. Krluxcd Kciiii: at 7 A. M . and wa> rtlie\ed hv Retlig at 7 P. M- 

N'MhiM); nnusu.d 
iVtob«ri I'th ^amc pi o^;! .»mmo as \t>si,rd.i\ ktcr;\ed additional tile> a> follows: 

ij larv:*' 
41 ski'w i>a^ k-. 
4 !;a't->Ncu hsick'-. 

V\tvl»iM I -i''. Kc" \ V cvl Kctfi; .\\ - \ \l .u'.v! a-r. ri-' r\«'tl h\ SjH'ncer at 12 M. 

vVtoKn istS Kc'rv.vl Kitt c at ~ \ \! .inii w .1^ •.'• ov relieved m turn by him at 7 

V \: 
«^Vt.>V: , .'^ Kv .V. I K.-.i u .v: ' \ \1 \l- \.i : a-rxol at i IV M.. and I report 

,r. ••♦•v .• .-.v. .•,*'. ^v'^t •uv iv- S\t\ -1 ^' :' -.'v'cv: !•• i^ei «»ne large tile: take 

sa'"v- : ■ vlv'M" '.".v".'.'. a"^ ', t'c'vc : ^ . accom- 

;m" v<; . \ \'. ^c-w.rt •."•i". -ciu--" :• >\:\ -ei:hth street and Avenue 
\ : c" .vvv'. l-\ Kct: ;; a: ' V M Su'v^Mn of tiles on hand October 
ivj: • at S \:\ c s;':'' st-^vt at*.'. \\c"\;e \ a: 5 W M. : 

-v3 *.arge f.'os 
"v ^kev» ;mc'n^ 

,: '.ar\;e v\^f-N 
Ji ^:va.'. rt.i*. V* ^s^rrs. 
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Relieved Rettig at 7 A. M., and am relieved at 9 A. M. by ]. B. Nau. 
Oo to office and get four glass jars and carry to Sixty-eighth street to 
collect specimens of materials used in laying the floor in this fire-proof 
test structure, to perform this mission, and am then sent back to office to 
get two more jars ; returned to Sixty-eighth street and remained there 
till 7 P. M., when Rettig relieves me. The tile and Roebling floors laid 
to-day. Sealed five jars of materials used in manufacture of the Roeb- 
ling concrete and cement of tile arch. 

Relieved Rettig at 7 A. M. and watched till Mr. Nau appears at 9 A. M. 
Carried down two jars of materials, which were sealed yesterday, to office 
and remained in office till 4 P. M. Report at Sixty-eighth street and 
remain until 7 P. M., when Rettig relieves me. 

Relieved Rettig at 7 A. M . and watched until Mr. Nau arrived at 9:30 
A. M. Bundled up two more sealed jars and take to museum. Re- 
mained at department until 4:10 P. M., and returned to Sixty-eighth street 
and Avenue A. Relieved at 7 P. M. by Rettig. 

Relieved Rettig at 7 A. M. Mr. Nau arrived at 8:55 A. M. and goes 
right to the office. 1 remained all day until Rettig relieved at 7 P. M, 

Relieved Rettig at 7:15 A. M. Not feeling very well. Remain on duty 
all day until Rettig relieves me at 7 P. M. 

Relieved Rettig at 7 A. M. Raining almost all day. John O'Connor, 
AV. W. Ewing and several district and special inspectors examine arches 
and floor construction at 3 P. M. Rettig relieves me at 7 P. M. 

Relieve Rettig at 7 A. M. Mr. Nau arrived at 9 A. M. Mr. Harby 
at 10:30 A. M. : both leave at 1:30 P. M. Harby takes some photo- 
graphs. Top of tile arch pointed up with a mixture of one part cement 
and two of sand and water. Rettig relieves me at 7 P. M . 

Relieve Rettig at 7:50 A. M. Mr. Ewing, Mr. O'Connor and several 
inspectors arrive at 2:30 P. M. Prepare to concrete floor but do not 
proceed. Rettig relieves me at 7 P. M. 

Relieve Rettig at 7 A. M., and am relieved in turn at 7 P. M. Nothing 
unusual transpired. 

Relieve Rettig at 7 A. M., vice versa at 7:40 P. M. Nothing unusual 
transpired. 

Relieve Rettig at 7 A. M., and am relieved in turn by him at 7 P. M, 
Nothing unusual transpired. 

Relieve Rettig at 7 A. M., and am relieved in turn by him at 7 P. M, 
Nothing unusual transpired. 

Relieve Rettig at 7 A. M. Mr. Miller calls at Sixty-eighth street at 10 
A. M., and I take jar of mixed cement used in tile construction and 
sealed October 90th down to department and leave in museum. Jar is 
sl^tly cracked — suppose by action of cement. Mr. Post and I returned 
to Sixty-eighth street where I remained until relieved at 7 P. M. by Ret- 
tig. Three inspectors from department and two brick manufacturers, 
names unknown, examined structure. 

Relieved Rettig at 7 A. M. Spencer relieves me at 11 A. M. to go 
iKMne and vote. I relieve him at i P. M., and am relieved at 7:30 P. M. 
by Rettig. 

Relieve Rettig at 7 A. M., and am relieved by him at 7 P. M. Nothing 
of note. 

Relieved Rettig at 7 A. M. Mr. Nau and Thomas Heatley, Jr., ar- 
Hrad St ix^o, and I go to department and get check for October. 



October aoth. 



October 3ist. 



October aad. 



October 93d. 
October 34th. 
October 95th. 

October adth. 



October 97th. 

October 38th. 

October aQth. 

October 30th. 

October 31st. 
November ist 



November ad. 

November 3d. 
November 4th. 
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Noremhcr loth. 



hb house No. 360 West Twenty-first street to tell his ^ifc he ^ill be de- 
tained at kiln until 10:30 or 11 P. M. Mrs. Ewing sends me back to him 
again with a telephone from the Superintendent. Mr. Ewing has gone 
now to Sixtieth street and F-ast rivtrr to get a level tripod, etc. At 7:30 he 
returns and leave> me at Sixty-eighth street and Avenue A, while he goes 
to see the Sui)erintendent as per telephone. By his order I send Spencer 
to my houM* 10 notify my wife that 1 will be home late. At 8:45 Mr. 
Hart)y arrive> and sets up instruments, and readings are taken fix)msigbt 
nnis on the r«.><»f of test structure. 'Ilien the loading of floor Is com- 
menced. Load consists of granite paving bUnrks averaging fn>m 36(042 
ix»und> each. The lv»adtng i-* still under way when Mr. Kwing returns 
and allows me to go home at 10:30 I*. M. 

Relieve Sp<*ncer at 7:15 .\. M. At 7:30. by orders from Superintendent, 
through .\Ir. Kwing. I leave Sixt\ -eighth street and Avenue A after tranv 
ferring <,implo> of cement, etc. from the testing grounds to a safe place 
and rejvort at tlie i»ffice abt»ui 9:30 .\. M. Members of Special Engi- 
neer^" office present at Sixty -e:g!ith >treet and Avenue A l>efore 8 A. M.. 
ready for te>t : \V. \V. Kuint:. I). H. liald^nn. |. B. Nau. S. O. Miller. 
F. W. Walker. .\. Schwartz. 1. Harby. A. E. Moore, messenger: also, 
n. B.inleit. photograpSer. and I'. Kliisch. stenographer. 



iVtoher imH, 



No\'«niber loth. 



FIELD NOTES <>F D. H. BALDWIN. 

ButldlDt: Depautment Records.^ 

10 .25 .\. M. anixcvl at S:xi\ -eighth >treet and Avenue A with Harby, 
taking photographs. 10:45 .\. M. ".eft Sixty-eighth street and Ave- 
nue .\. 

S .\. M. re^x^ned to S:\t\-e-ghth street and Avenue A. Acting onihe 
Suix^hntendent s instruct:on> 1 returned to 220 Fourth avenue. 



iVtv^her i«h. 



FIELD NOTES OF THOMAS HEATLEY, jR. 

vHui'.\iia( IVpartmetit Records. > 

Northeast cv^mer v>f S".\:\ -e j;h:h >:reet and Avenue A, arrive 4:8$ 
P M . left : P M Kcn.a r.tsi v r, the ground until 7 o'clock P. M. and 
ix*lie\ed. The buvd'.r.j; ua> w.:h r aNu: 3' of the floor beams, the tiles 
to N' UNetl u\ the flvv^r xic:y i«r. the grv^uitd. and inventory of the same 
\^ere; 

IT.e large f.'.es tsS. 
Skew hacks >d. 
HA!f->ke« hacks 10. 
1 -arge cw^s^rs a. 
SnvAl^ cU^sers ai. 

■l\tti>etl o\er itemized '.>! as aU^\e to Mr. Rettig who relieved m«. 
M \ \'y^ mg t^xA UT^e ttle to v>fliice of DepJutiMat of Bofldings. 



FIELD NOTES OF GEORCE L. AMOUROUX. 

(Building DepBttmenl R«:(«(l..l 

Ordered by W, W. Ewing (o take phoiographs ai Simy-cighlh slreef r 

graph of south wall of kiln (inside) al 3:30 P. M. : look phnlograph of 
south nail of kiln (inside) at 3:40 P. ^T. : returned 10 office. LeR test- 
ing ground 3 P. M., and arrived al office 3:35 1*. \[, 



FIELD NOTES OF J. li. NAU. 
(nuUding Dcpulmcni Recordi.l 

Arrived al -Simy-eighlli sireet and Avenue A al 9 A. M. Roebling Tuesdmy, 
kiln, F'oundslion plan of new test-house showing foundation up to the October sth. 
bottom of skeleton frame which rests on lop of this wall. 
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shown beloK instead of above, Tliis wall fuundalion is laid in rubble 
and machine-made mortar and cement. Arrived at office 330 Fourth ave- 
nue at 11:05 A. M. Relumed to Sixty-eighth street and Avenue A at I 
P. M. Left Sixly-eighth street and Avenue A al 3 P, M. 

Arrived al Sixty-eighth street and Avenue A at gris A, M,, and left Wtdi»™J«y 
there al a P, M. Octobtt 6ih 



lo^osA. M. Left Six 



-eichesof hollow-ii 



.iffice al 3: 


P. M. Building of « 


lis of 


October 8t 


and Avenu 
Iting in pla 
t nnd Ave 


! A at 9 A. M.,andlefi 
at A ai I P. M. Note 


and 


Tufxliiy, 
OctobETii 



I. '^'-.I !/>"■■- .1 




'ousiajrs and also on skew backs. On others w.-u marked (11) and 
nitmed July ai, 1891. Left Sisty-eighlh street ard Avenue A aboul 
M15 P- M. to go to Guaslavino s. The reading of the marking was wil- 
xoedbyj. E. Topping and George H. Kunneke, onlside Superinlend- 
^Mof Roebling's. and G. W. Moulion o( Brandt, and by John Ivets of 
toebliiig's, watchmen. Mortar used in walls of kiln on Roebling's com- 
otitive test was macltine-made morlar with a little Rosendale cenieni in 
•—the cemenl was added to it on the ground. 

Antred at Sixty-eighth street and Avenue A at i P. M, Sketches TuEtday, 
MdeofgeneialaiTBngementofwaUsandlowcrpanof kiln. Left SiKiy- October 19th. 
%Ui>nmt»ldAYenueAa[5P. M. 








vimc J-. 5 .?.-■ i' M. I,i>:::jr o( w^rc t'.'ih of the Rueblinj aich; ■''■ 
■io.>rt I I' r.'pp^n^. Mr H-irlA ,.f -.^r Butlding Drpanimnn n* 
K.H-l>>i-j; ■;:.-?. ■jv::.; ■■. — H !!;>■»•■ ■■! X,. ij; \-jn Worth itre«t. Biw*- 
■.!•. .inar, A. rjss>-^''l N.' ■.;m \Vi--':aeH'n I'Urr. New York. mMW 




The wire clolh for beam proleclion b number iS wire: for the arch 
■nimber so is used— or rather. 19 one way and ao the olher way, with H" 
ronnd ban (found by calibration to be very nearly A" diameter) woven 
in y on centers ; the H" ban run the fame way as the number 19 wire ; 
■here two sheets overlapped each olher they were lightened li^ether by 
*ire which was wound around the wire clolh and cross bar as shown by 
•ketch. 

On lop of Ibb wire cloth were laid longitudinally two A" steel bars as 
Ainrn on sketch. Ihey were tied wilh double wire to each M" cross bar 
*Dd between ^" bars to ihe wire netting in Iwo places. In their length 
then A" rods were overlapping aboul 18" . The average between two 
M" ernas bars in wire cloth was 9K". One sheet of wire cloth was 4' 
■o^ vMc and contained six cross bars. There were in all 11 M" rods. 
IM win doA in the neighborhood of the tie rod was cut down to the 
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nearest ^" cross bar and then was anchored to that by wires. These wire 
ties (referring to end anchors) were laid in the center of the tie rods; in 
the south wall a similar anchor staple was laid in. 




a>Ki%/iu, 



3U 



This wire protection under tie rod was from flange to flange of beam at 
the uniform distance of 4^" from the tie rod. 








The wire cloth is about aj^" mesh to the inch; it was fastened to the 
ribs of the floor cloth by means of wire ties. The cement used in the 
arch and the tile floor is Aalborg Portland cement, imported from Den- 
mark by George N. Newcomer of 66 Maiden I>ane, New York. Infill- 
ing concrete on top of the arch the cement used is Roscndale cement, 
office No. 280 Broadway, room 61. New York. One voussoir was taken 
down by H. H. Brown and H. Dunn of the Roebling Company, in the 
presence of Mr. Harby and Mr. Kunneke ; the block was marked 

. Sand used came from James McLoughlin. foot 

of West Seventy-ninth street ; it is coarse Cow Bay sand. Mixing of 
mortar for tiles, i Portland cement. 2 Cow I^ay sand, three times shoveled 
over dr\-, then thoroughly mixed with four pails of mortar; mortar was 
mixed by I'atrick McCabeand J. Dolan, and bricklayer William Kelly. 
Started laying tiles about 2:43 P. M. Where the rods suspending the 
centers were coming down the skew back had to be cut out. W^erctie 
rod comes in, the skew back was split as shown by sketch. The blocks 
were tried and taken out again and then cement mortar was put on them, 
and the skew back was squeezed in by hammering against the board 
applied to the skew back. The men laying the tiles were William Maloy, 
543 West Forty-fourth street, having worked on floor on Manhattan 
Hotel (tile floor), W. Kelly, also Manhattan Club, and Charles Kay 
from Philadelphia Hoffman Hotel on South Broad street. 











iP. M. 

Tii* plait was about A" f..iit, Ihe edge <>( 
ce by wedges againsi ihi- plaio and Ihe b 
le was carried up In ihc lop of ihf plaits. 



3^3^'^ ^ 



V 'wu<r wwr, »:<;^>&.^ 



"he position of the plates was obtained by Inserting wooden wedges 
ween " I " beams and pTaieon either side and at the same spot wooden 
wedges between the plates. Mixing between central sliding plales 



and " I " beams of Ihe Roebling, 5 pans of cindtrr ashes, a ports of Suil 
(Cow Bay), and i pan I'nnland cemenl. To do thai ao parts of uba 
were put on and ihen 8 of sand and 4 of Portland cement ; il was torned 

used. This «.as tHmmed in between ptales and beams of Roebling; Ibcr 
siancd ramming at 2:15 P. M. The wooden wedges were left standiiij. A 
second lot of similar concrete was put on to complete it, but (along aib 
one-half of the preceding quanlities: Ihe materia] was filled in npiolbt 
level of (he utq>er flange of Ihe Iwam. This work was done id (bcpc» 
enceof J.Toppins. Mr, Kimneke, Mr. O. L. McClellan and ni3rMll,iiiil 



n Mr. Ew 



Arrive. 



■eighth s 



mg. 



and Avenue A >l 9 A. M, LeftSiitj- 



ill: ^'*tf^ 




Jly,r 
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Sixty-eighth street and Avenue A at 9 A. M., and left the 
\. M. for office. 

Sixty-eighth street and Avenue A at 9 A. M., and left for 
A. M. 

Sixty-eighth street and Avenue A at 8:50 A. M. Worked 
bling" until 10:30 A. M, Work done under the instruc- 
Ewing. This day we filled the joints on top of tile floor 
; kind of cement mortar that was used in the laying of the 
ement mortar was not run in the joints so as to fill up the 
s between the tiles, but it was simply smeared between the 
pails of Cow Bay sand, i pail of Portland cement, mixed 
roughly mixed) then with about % pail of water to give the 
•ncy as before. This work was done in the presence of Mc- 
ienger Moore and Mr. J. Topping. The work was done by 
and was started about 10 A. M. The tile floor seemed to 
a little in the center, but this may have been the case from 
lent on. The work was finished at 10:30 A. M. Sketches 
1:30, when I left. Arrived at office at 2 P. M. 
Sixty-eighth street and Avenue A at 1:30 P. M. Removal 
der hollow-tile floor. 



Saturday, 
October 93d. 

Monday, 
October 95th. 

Tuesday, 
October 96th. 



Wednesday, 
October aTth. 



C 



-ryyT'-rrrTTrrTyTT^. 



cf 



y/'^^^yyy^y^^^fy'^_f^^ 



'^' Y fa 
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s were laid in "A" and "B" at 2:15 P. M., just before 

: centers. The distance from the under side of these beams 

the tiles was taken before and after, as shown on sketch on 



Sixty-eighth street and Avenue A at 8:50 A. M., and left for 
'. M. (These notes >yere taken in office on November 5th, 
-e I went to Sixty-eighth street. After the notes had been 

decided not to lay the filling concrete arch on the sixth of 
nd to wait for further instructions. ) Composition of filling 
part of Rosendale cement, 2 parts of sand, 10 parts of ashes. 
i is to be filled in 2" above the top flange of the beams on 

This postponed till Monday. 

; put on under flange of beams. Strips to be taken fi-om the 
), a sample of the mortar (a sand, i Portland), this 



Saturday, 
November 6th. 
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inixture to be taken dr>' and sealed up in a bottle with piece of paper 
giving composition and signature of witnesses. Each matenai to be 
sealed up by itself in a bottle. 



Monday, 
November 8th. 



Thursday, 
Novemberiith. 



Work done at Sixty-eij^hth street and Avenme A. 

Started work at 9:30 A. M. (Tutting the strips from the des 

anrl iKjttling and sealing .samples nf >and. cement and mortar; real b)mj; 
of the strips was started at 10:15 A. M. 

(>ne part of .Valborg Portland cement and 2 parts of Cow Bay sand. 
Iteforelaxing the strips the i(»int was perfectly wetted. At 10:30 A.M. 
Mr. RoNN Tucker. acconij>anicd by another gentleman, inspected the 
work. The tile pieces used were not full-length pieces, as it was too 
difficult to obtain them. 'I'he piecr^ u ere well imbedded in the cement 
mortar. Work was done at 3 I*. M. 

Left for Sixty-eighth street and .Vvenue .\ at 11:15 -^- ^J- Took lunch 
and arrived at testing grounds at 12:30 V. M. Left for Hanover Square 
at 3 I*. M. 

Work done on Xox ember 8th. 

Selling of cf»ncrete on t<»p of floors at Sixty-eighth street postp<.»ned. 

Left for Sixty-eighth street and Avenue .Vat 10:40 A. NL Started ^ork 
at 11:30 -\. M. Work was done about 1:35 I*. M. Left for otfice at a 
\\ M. 



^/^ 



JS^ 







Hl 



Si 



i >n top <;f the beams of the Roebling arcli were laid tuo scantlings 2 
high, which gave the lieight of the c<»ncrete. 



llork dour on .\\<i'tmber nth. 

Laying of filling concrete of conipamtive floor test. Starting at 113° 
A. .\I. Mixing. — ash put on fifNi. The proportion was as follows, in 
order as shown : 8 barrels of ash, 2 barrels of sand, i barrel of Rosen- 
dale cement. The cement came from k«)sendale Cement Company. No- 
280 Broadway. The sand is Cow Bay sand. The mixture was shoveled 
towards tlie center, then twice shoveled over dry. During laying the 
concrete the wooden wedges between the separating plates of the t»o 
flt>ors were moved and the thin plates on the sketch opposite were 
inserted. The concrete was laid as nearly as possible A" on top of tb« 
hollow-tile arch beams, which gave an average thickness of 4" on top of 
the hollow-tile arch. The concrete was pressed down with a shovel while 
it was laid down. Diagram showing the level of the hollow-tile arch 
below the top of the beams : 
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(ross StcfioFt E'/f' ^oohm SouJXf 




Arrived at Sixty-eigluh street aiul Avenue A at 9:30 A. NT. Plastering Friday, 
as begiin at 10:20 A. M. Serateh coat was put under Roebling arch at November lath. 
[:55 A. M. Brown coat was started at i P. M. on the hollow-tile floor, 
eft Sixty-eighth street and Avenue A at 4:45 P. M. 

Plastering of Roebling and hollow-tile test house begun at 10:20 A. M. 
he scratch coat w;\s made with rock wall plaster from the Rock Plaster 
omimny of New York and New lerscy. foot of Seventy-first street, 
oboken. This made up with water w;is put on the wire protection under 
inges of the beams, in order to make it stick ; it was mixed with a little 
aster of Paris from King's plaster. The work was done under Mr. 
enderson's order, Superintendent for James Thompson, No. 939 Eighth 
.enue. The plaster of Paris was used with a scratch coat under the 
mge protection at the rate of about i pail of pUister to 4 sacks of scratch 
lat ; only i sack of scratch coat was used this way. The scratch coat 
nder Roebling arch contained no plaster of Paris. Six sacks of scratch 
3at plaster were used. The thickness of it was about i" under the ribs 
nd Vx" to I'a" under the sagged wire cloth between the ribs. The scratch 
Dat was put under the concrete floor only up to the dividing plates 
etween the two floors. The thickness under the wire cloth under lie 
)d was about i*e". The browning coat was furnished by the same people 
s the scratch coat ; it came in sacks ; 2 sacks were mixed with 2^ pails 
f water. This work was first laid on the hollow-tile floors; this floor 
ad no scratch coat ; the first layer of browning coat was about 5{" thick, 
kfter the first browning coal had been laid on it was scraped over thor- 
ughly in order to prepare it to receive the second coat. After the first 
•rowning coat was put on the hollow tile a similar coat was put on the 
toebling arch. The two coats of browning plaster formed an average 
lickness of about K" each, equals J4" total. 

Sample of scratch coat and a sample of browning coat were bottled 
nd sealed in the presence of the following : 
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SrRAKII COAr. 

Mr. Moore, 
Mr. Topping. 
.Mr. McClelian, 
.Mr. Harbv. 



BROWNING COAT. 

Mr. Moore, 
Mr. Topping, 
Mr. McClelian. 



The signaiurrs of witiu-sses are on a strip of paper inside the bottles, 
riie bottlo seals were stamped with the hat button of Mr, Moore's hat. 
The first layer of browning coat under the lower tile was tested with the 
point of a knife, so was the second coat. Hoth together, as already said, 
formed about ^" to ^s" thickness. The two floors were now as follows: 

Roebling floor. — i scratch coat, i browning coat of about K" to xk". 

Hollow-tile coat. — 2 browning coats of a total thickness of about 4" 

to >8 . 

The whole browning coat was finished ai 4:35 V. M. and photograph 



taken. 



\r^^ 



li'.- 





/?. i?>S/«* 




M 



^-^mftc S^ct j^rfoiS 



S*t«rtl^y. .\rn\otl ai Si\t\ -egliih -vireet and \\enue .\ at 8:10 A 

NoxrmWr luh. started at 8 i>. I ett .*<i\i\ -eis^hth -street and .\\enue .\ at 11: 



. M. Work 
40 for home. 



IMastermg of the ht^llou -tile and Roebling structure at Sixty-eighth 
street. ri\e lime used m the plaster was made up of Rockland lime, 
>^hich came m a barrtd. with it was mixed dr> plaster; the lime was laid 
on a plaster InMnl. water w.i> jx^ureii in the tn^ugh formed by the lime. 
and plaster was spn\ul in ix>wdor : 2 pails of lime were used to i pail of 
plaster : the plaster w as put on in 3 coats of a toial thickness of i^" to Hi 
noiirt'r \V : it was put on the hollow-tile f\ooT first; the final thickness of 
the loU\\ plaster coat down 10 the hollow tiles was about 5^", andw'a* 
nuMUl to 1h' aUnit that \ s,iniple o( plaster of Paris and a sample of 
ntade-up bme u^ed m the aUne pn^pi>rt;on were bottled separately and 
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aled in two bottles in the presence of McClcllan of Roebling. and Mes- 
nger Moore of the Department of Buildings. A note was put in each 
itle stating the nature of the contents and the witnesses with their signa- 
re; the notes also state the proportions of lime and plaster used in the 
ish coat. The lime in barrels came from Twenty-si.xth street and 
adison avenue, where fames Thompson, of 939 Eighth avenue, is doing 
rk. The plaster of I'aris came from King's Plaster Company, at 
)ratio and West streets. Work was finished at 11:40 A. M., and 
Mograph of finished ceiling taken by Mr, Harby. 

♦ketch of grate bars of Roebling and hollow-tile made on November 
1897. 
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.ower layer of grate bans 4X '/2 arc 18 in number and equally spaced ; 
.' are all short bars 2' 9" long. In the upper grate we have 16 long 
3 of 13' 6". Three loose bricks were stuck between these upper bars 
leep distance, and 3 rows of short bars towards the east wall forming 
•gether 19 rows ; the first row is about 6" from the west wall and the 
row about 3" average from the cast wall. After all the bars had been 
1 the loose bricks between were grouted with cement mortar, 
i-rrived at Sixty -eighth street and Avenue A at 9:10 A. M., and left for 
ce at 2:45 P. M. 



Monday, 
November i5ih. 



IVor/r i/oftt <>// Moiuiay, November i^th. 

'lastering of side walls in Roebling and hollow-tile test kiln. Plaster 
all walls was carried down to 18" to 20" from ceiling. Two coats of 
>wning coat were put on — the same coat that was used on the ceiling of 
• Roebling arch. On top of this was put one finish coat, same finish 
5ter as used on the ceiling. The total thickness of the 3 coats was 
M as much as possible near K" thickness. Pictures of the southwest 
Tier of the plastered wall taken by Mr. Armouroux at 1:27 P. M. 
istering finished at 2:30 P. M. 




-^f 



Tuesday, 
November i6th. 



Wednesday. 
November 17th. 



Thursday, 
November i8ih. 



Friday, 
Novemlxrr liith. 



October i«. 
October aoth. 
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Arrived at Sixty-eighth street and Avenue A at 8:50 A. M.. and left for 
home at 5 P. M. Ask Jimmy what has l)een done al>out Iwilerand water 
turrets; hooks for handling doors and scraping out ashes under jjrates. 
W'eiglit rec|uire(l 70 X 150 -^ 10,500 pounds. Each stone weighs nn the 
average 39 pounds. Stone required for the whole lot. 21.000 pounds r 
40 525 stones. 

.Xrrived at Sixty-eightli street and Avenue A at 8:55 A. M.. and left for 
grocer at First avenue and Sixty-ninth street at 4:50 P. M. I -eft for homr 
at 5 P. M. 

M '(»/•/• tfonr on Wfihitsdiiy, Xovcmber ijth. 

Lining of elbows with wire cloth and about \" fire clay. Dr> ing th'.'ni. 
Weighing of paving stones. 

.\rrivefi at Sixty-eighth street and Avenue .\ at 8:55 A. M., and left for 
home at 5:40 P. M. Returned to Si\t\ -eiglitli street at 7:50 I'. .M.. :»ntl 
left for home at 11:50 P. M. 

Work done on Thnruitiy, Xoi't'mdtr /Sfh. 

Ilrccting of smokestacks, weighing (»f stones. Piling up of stones aftt-r 
liavinq set the scales. Ceiling was cut with a saw between the twodi\'.<l- 
iiig i)lates. In stune parts the cut was '.." to ;\" wide, but as fara.soiul(l 
be judged did in no case extend beyond tlie plate on either side. Towl 
mimber of stones weighed. 541. Total ueiglit. 21.021 pounds. The kilp> 
should therefore liave 270 and 271 stones respectively. Stones in lower 
layer of hollow-tile. 218. In upper layer. 270 - 218 ^ 55 (?) Stonesin 
lovNcr layer of " Koebling." 220. In ui)per la\er. 271 -220 = 541^1 
.Marked the scales on rod with a i>encil line. Total of stones, 273 + 274 

547. while only 541 stones ought to be there. 

In the upper Ia\erof the hollow -tile there should l>e onl\ 52 stoiu^ 
while there are. according to actual count. 55 stones. On the other kiln 
also there are three nH>re stones than should be. Six stones therefore 
should have been thrown tlow n before the tire in order to have a x* eight 
i>f 21.021 pounds. 

.\rn\ed at Sixi) -eighth street and .\\enue A at 7:30 .V. M. Supenn- 
lentlents order shown to me b\ Mr. Kwing was to leave at once for offiw 
where 1 arrixed at 8:50 .\. M. .\ccording to what I was told hv Mi"- 
I'.winii, a long crack of about j'a" had formed, running all through ihe 
center of the hollow -tile arch after the load had l>een put on. while the 
"Koebling ■ was in i)erfect shape. 1 had not looked at this on ihf 
evening before (.November iSth). and therefore do not know whelhf'^ 
the crack had formed while l«»adini; or afterwards. Not iH'ing allowed H' 
sia\ there. I persunallv did not notice it. 



FIKLI) NOTKS OF \V. \V. EWING. 
^Building Department Records.) 

.\rri\efl at Sixty -eighth street and A\enue A at 2:40 I*. M.. and left a' 

3 15 P. M . Looking over ground f<»r hx'ation of comparative fire t«st kiln. 

.Vrriveil at Sixt\ -eighth street and Avenue A at 12:50 P. M., a"** '^* 
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October aist. 



October ayth. 



mained there until 5:30 P. M. Everything in shape to erect arches. One 
A-alborg Portland cement, 2 sand, 5 cinders, Roebling mixture. Turned 
twice, once dry, once wet. Five men. Water, 1254 pails. Tile arch 
started to be laid at 2 o'clock and finished at 5:30 P. M. Roebling arch 
started to be laid at 3:25 P. M. and finished at 4:30 P. M. Second and 
third mix. also mix for sample Roebling concrete, i Aalborg Portland 
cement, 2 sand. 5 cinders, as before. Second mix of mortar for tile arch, 
6 parts of sand, 3 parts of cement. 

.\rrived at Sixty-eighth street and Avenue A at 4:35 P. M. New bolts 
put in and everj- thing in readiness to build parapet walls. Left Sixty- 
eighth street and Avenue A at 5: 10 I*. M . 

Arrived at Sixty -eighth street and Avenue A at 2:45 P. M. with In- October 95th. 
spector O'Connor and Under Inspectors C. Streeter, J. J. Gaynor, P. H. 
XlcHale. A. B. Foans, J. H. Buscall, William Verrill, Thomas Lamb and 
G. \'ix. Inspecting tile and Roebling arch. Left Sixty-eighth street and 
Avenue A at 3:20 P. M. 

.Arrived at Sixty -eighth street and Avenue A at 2 P. M. The hollow- 
tile arch as laid in test structure at northeast corner of Sixty-eighth 
street and Avenue A, city, is good construction, the mortar being o. k. 
^rlortar was taken from under side of arch in our presence, signed by the 
following inspectors : Charles Streeter, James L Gaynor, John H. Bus- 
call, William L. Verrill. George Vix, Patrick H. McHale. This indorse- 
ment was also signed by A. Von den Driesch (*' Van.") The following 
remarks were passed between A. Von den Driesch and Mr. lender of the 
Standard Fire-Proofing Company, Mr, Von den Driesch saying: '*The 
mortar is of good quality — better than the average. Makes no odds. 
Lander, about extra cells so long as ends come opposite," Mr. J. B. 
Xau and Mr. A. L. A. Himmelwright heard Mr. Von den Driesch make 
the latter part of above statement, and I can attest as to the statement 
about mortar. Left Sixty -eighth street and Avenue A at 3:30 P. M. 

Arrived at Sixty -eighth street and Avenue A at 8:20 A. M., and re- 
mained until 9:15 A. M. Met Mr. Corydon T. Purdy at Sixty-eighth street 
and Avenue A. who expressed his satisfaction with the work, and is to 
write the Superintendent accordingly. 

Arrived at Sixty-eighth street and Avenue A at 10:15 A. M. Mr. 
Homum of McKim, Mead & White, and Michael Le Brun of N. LeBrun 
&Son, called at Sixty-eighth street and Avenue A and are to send a few 
lines in reference to the average construction of the arches. Left Sixty- 
eighth street and Avenue A at 11:05 ^' M. 

Arrived at Sixty-eighth street and Avenue A at 1:10 P. M., and left 
there at 3 P. M. Mr. Himmelwright not at testing station; his man, 
George H. Kunneke, telephoned A. L. A. Himmelwright to come to 
Sixty-eighth street and Avenue A at once (Mr. Himmelwright arrived but 
concrete was not put in on top of structure.) 

Arrived at Sixty-eighth street and Avenue A at 11:15 A. M., and re- 
OUuned until 2 P. M. Roebling and hollow-tile arch operations of con- 
crete (on top of arches), i Rosendale cement, 2 sand, 8 of cinders. 
^f^tooklyn Bridge brand of Rosendale cement, made by the New York and 
'UKeadale Cement Comp>any, turned once dry and once wet, and put on 
Hlitliire in pails, 4" on hollow-tile arch and 2" on Roebling. 
'^l^Olvefi at Sixty-eighth street and Avenue A at 1:10 P. M. Left Sixty- November i7ih. 



November 4th. 



November 5th. 



November 8th. 



November nth. 



66947A 



November i8th. 



November 19th, 
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eighth Street and Avenue A at 3 P. M. With Nau and Harht working 
on arrangements of test. 

Arrived at Sixty-eighth street and Avenue A at 9 A. M., and left at 
11:35 A. M. Arrived at Sixty-eighth street and Avenue A at 4:15 P. M.. 
and left at 7:30 P. M. Arrived at Sixty-eighth street and Avenue A at 
10 P. M.. and left there at 10:30 P. M. On various details in connection 
with arrangement'* of test for the 19th inst. Last orders received from 
Superintendent was to order men of department away from test at Sixty- 
eighth street and Avenue A on the morning of the 19th inst. 

From 7:35 to 8:50 A. M. at Sixty-eighth street and Avenue A and the 
fire department, carrying out the orden> of Superintendent C'on>tal)lcto 
withdraw men. notified Roehling of tlie same, fire department ak). 
Steinl)art. 



NoVKMBKR I. 1897 

STK\ KNSON CdNSTABI.K, llsn., 

Sup»*rintendent of HuildingN. 

Dear Sir : — 

I l>eg to ad\i>e you that I ha\e been >ucceNsful in obtaining thef«)il<»»- 

ing names and criticisms in reference to the setting 

hollow -tile arch at Sixty-eightli street and Avenue A. Mr. A. V(»n din 
Dreisch. known as Mr. Van of l)»)e}iring & \'an, said that " the arch wa> 
good con>truction, mortar of better (iualit\ than t}>e avenige «M*d in 
laying arches." Dated October 27. 1897. Mr. Henr\- \V. Hodg«r. t'ivil 
Kngineer. 27 Pine street, says that "the arch was carefully laid and fully 
up to. if not better than, the average work done in buildings. The 
mortar is nmch above the average, ns it was made of a high gradr of im- 
porte<l Portland cement mixed i of cenient to 2. sand, and after scM-n days 
it has M't most satisfactorily, as >l)own In the sample of mortar I have ex- 
amined. '" Dated C)ctober 27. 1897. The following inspectors. John 
O('onn«)r. Charles Strreler. ]ame> ]. (iaynor. John H. Buscall. Williant 
L. Virrill. (leorge Vix. Patrick li. McHale, have expressed and .signed 
m> journal on October 27th. to the effect that "the hollow-tile arch a> 
laid \\\ lest structure northeast corner 68th street and .Vvenue A. city. L'J 
gootl construction, the mortar being o. k. Mortar was taken from 
underside of arch in our presence." 

The department has a copy of letter from Roebling written by G. 1- 
Heins, of the firm of Hems M: I.aKarge. architects. Temple Court. New 
York, to the effect that "in my opinion the tile floor as laid was a fair 
average piece of work." 

1 have also iHM'n able to get this day, November ist, the presence at 
the testing station of George H. Thomson, Consulting Kngineer. aU' 
Mr. Pauli. reprt^senting R. H. Robertson, architect, both of whom state 
that " the arch is better than the average arches in building practice." 

As all parties are desirous of having the concrete on top of arches and 
plastering of ceiling done at the earliest date, can you not make arrange- 
ments to have Mr. Post and Mr. l*iirdv examine the af>ove arch assug- 
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gested by you, next Wednesday morning, November 3d? This would 
I>ermit the work being proceeded with Wednesday V. M, 

Respectfully, 
(Signed) Wm. W. EwiNG, 

Special Engineer. 



FIELD NOTES OF S. O. MILLER. 

(Building Department Records.) 

Arrived at Sixty -eighth street and Avenue A at 10:20. and left at 12 November ist. 
o'clock. Met Mr. Pauli and George H. Thomson, who both expressed 
themselves as satisfied that the tile arches are put in better than the 
average. 

Arrived at Sixty-eighth street and Avenue A at 3:30, and left at 4:35. November lath. 
Made photograph of plaster on ceiling of Roebling test kiln at 4:20. 

Arrived at Sixty-eighth street and Avenue A at 10 o'clock, and left at November 13th. 
10:15. A^ Sixty -eighth street to look over the condition of test house and 
give men on duty their car-fare money. 

Arrived at Sixty-eighth street and Avenue A at 7:45, and left at 7:55 November 19th. 
A. M. Left an order signed by Stevenson Constable, shown rae by 
W. W. Ewing. 



FIELD NOTES OF J. H. BUSCALL (Inspector). 

(Building Department Records.) 

.Arrived at northeast corner of Sixty-eighth street and Avenue A at 3 Monday, 
P.M. Visited premises in reference to test of arch. Manner of con- October asth. 
struction and system o. k. Left Sixty-eighth street and .Avenue A at 3:45 
P.M. 

Arrived at Sixty -eighth street and Avenue A at 2 P. M. Construction v^ednesday 
of arch and the mortar o. k. Took sample of cement away. Left Sixty- October ayth. 
eighth street and Avenue A at 3 P. M. 



FIELD NOTES OF JAMES J. GAYNOR (Inspector). 

(Building Department Records.) 

Arrived at northeast comer Sixty-eighth street and Avenue .A at 3 Monday, 

P. M. Examination on fire-proof arch. Left Sixty -eighth street and October asth. 
Arenue A at 4:15 P. M. 

Arrived at Sixty-eighth street and Avenue A at 2 P. M. Examined Wednesday, 

ftie-inoof arch. Arch o. k. Left Sixty -eighth street and Avenue A at October ajth. 
«3DP. M. 
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Mi>nday, 
(X'tober 25th. 

Wednesday, 
October 27th. 



FIELD NOTES OV (JEORGE VIX (IxsptcTuR). 

(Building Department Records.) 

Arrived al northeast corner SiM\ -t-ij^'liil) street and Avenue A at 2:40 
V. M. No work jjoing on. Ordered to 1h* there by Chief O' Conor lo 
examine arch. Left Sixty-ei^hlh street and Avenue A at 4:15 V. M. 

.\rri\ed at Sixty -eijjhth street anil .\venue A at 1:53 I*. M. Orden'd to 
he here h\ ( "luef O'Connor »)n account of viewing a tile arch of w hid. 

the firm of has been bninded on several hl<xk>at 

bottom side «>f arch. This arch was constructed well, also the nmair 
composed »)f i Portland cement. 2 of sand, was \er) good which wa< 
taken from the i»>ints of under ^itje «.f arch. Left Si\t\ -eighth strcrtaml 
Avenue .\ at 2:^^ \\ M. 



Monday, 
(Vtol»cr 25th. 



Wednesday . 
October 27lh. 



FIELD NOTES oF ( HARLES STREETER 

( I.NsI'Kt for) . 
ilitiilding Department Rccv)rds. ) 

Left district at Cin-f O ( "Mnn«>r s <»rder>; went to Sixty -eighth street 
and .\\enue A. where I arrived at 3 I' .\I. .Mel with committee of <ievcr. 

to examine s\^icm of tire-proof arch. Left Sixty-oi^Villi 

street an<l .\venue .\ at 4 15 P. NL 

.\rri\e<l at Sixt\ -ei^^hth street and .\\enue .\ at 2 P. NL to examine te>t 

arch »>f . Met ( "hief ( ) ( onnor and committee 

of six inspectors. Lxatnined arcli and f«»und same to be good constnic- 
tion ami the cement mortar in same is o. k. Left Sixty-eighth street and 
.\venuf .\ at 3 P. M. 



Monday, 
Octolnrr 25th. 

Wednesday, 
CVtol»er -'-th. 



FIELD NOTES oF PATRICK M«:HALE 

I I N^IF.i Tor L 



Huildin^: Departnjj^ni Reconls 
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Armed at Sixi\ -eii:!it!i sirvet n«ar .\\enue .\ at 3 P. M. C)rdere«l l»' 
report here to examine f.le-tloor arcli luiili for tire test. Left Sixt) -eighth 
street ami .\\enue A at 3 30 P. M. 

.\rri\ed at Si\i\ -eii^hili street a'i.l \\fiun' A at 2:30 P. M. I-Aatnined 
test arch and tind arch to !»«• well out n ami material goo<l. Left Sixtv- 
eighth street and .\\en\je A at 3 P. M 



Monday. 
IK lober a^ih. 



FIELD NOTES OF W . L. VIRRILL ( 1 nsi«kcT(»k ' 

^Building Department Records ) 

Arrixeil at nonhea.st conuT Sixt\ -eighth street and Avenue A at 3:15 
P. NL Examineti arch which is to Ik* te>ted and found same to be a«cll 
ci»nstructi*t! arch. Left Sixt\ -eighth street and Avenue A at 3:30 V. M- 
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On orders from Chief O'Connor went to northeast corner Sixty-eighth Wednesday, 
ireet and Avenue A to examine an arch laid in endways and constructed October ayth. 

ith hollow-floor arch blocks. Arrived at said 

ixty-eighth street and Avenue A at 2 P. M. Said arch was built in a 
ood manner and mortar used in same was good Portland cement mortar, 
i which I have a sample taken from said arch in my possession. Left 
iixiy-eighth street and Avenue .^ at 3 P. M. 



November x8th. 



FIELD NOTES OF JAMES W. SPENCER. 

(Building Department Records.) 

Relieved Messenger Moore at northeast corner Sixty-eighth street and November xTth. 
-Avenue \ at 7 P. \L Found everything in order. Nobody came around. 
Relieved by Messenger .Moore and left Sixty-eighth street and Avenue A 
at 7:15 A. M. 

-Arrived at Sixty-eighth street and Avenue A, northeast corner, 6:55 
P. M. Found Mr. Ewing in charge. Mr. Ewing told me to keep a 
sharp lookout that night that everything was ready. Sent by Mr. Ewing 
to No. 73 East One Hundred and Eighth street, 7:30 P. M., returned 8:20 
P. M. Laborers under James Tappen put stone on roof. Mr. Harby 
and Mr. Nau also present. They all left at 11:45 P. M. Relieved by 
Messenger Moore and left northeast corner Sixty-eighth street and Ave- 
nue A at 7:20 A. M. On my way home, while going through Sixty -eighth 
street, between F'irst and Second avenues, I met Mr. Ewing and he told 
nie to report to him in the department of buildings at 4 P. M. ; that he 
thought I would not have to go up to Sixty-eighth street and Avenue A 
that evening. 

Reported at department of buildings in Mr. Ewing's office on seventh 
floor at 3:50 P. M. Mr. Ewing was not there but Mr. Miller who was in 
charge telephoned to the Superintendent to see if 1 should go to Sixty- 
fjghth street and Avenue A at 7 P. M., and he told me that the Superin- 
•^ndent said I should not go. 



November 19th 



FIELD NOTES OF FRED. W. WALKER. 

(Building Department Records.) 

Left building department for Sixty-eighth street and Avenue A at 10:40 
V. M. .Arrived at Sixty-eighth street at 11 .\. M. Had lunch at 12 M., 
^©turned at i P. M. Left Sixty-eighth street and Avenue A at 4:15 
E*. M., and arrived at department at 4:40 P. M. 

Arrived at Sixty-eighth street and .Avenue A at 7:45 .A. M. Ordered to Friday, 
^^etnin to department by Superintendent. .Arrived at department at 8:40 November x9th. 



Thursday, 
November i8lh. 
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November i8th. 



November 19th. 



FIELD NOTES OF WM. J. NIHILL. 
(Building Department Records.) 

Lfft building department 10:40 A. M. with samples. — 1 sealed botile 
scratch coat, i sealed bottle browning coat, i sealed bottle dry cement 
mortar, 1 sealed bottle Cow Bay sand, i sealed bottle Aalborg Portland 
cement, i sealed botile sample lime plaster finishing coat, i sealed jar of 
sand, I sealed jar of cinder, 1 scaled jar of Aalborg Portland cement. 1 
sealed jar cement mortar, 1 sealed bottle of sample of plaster. Arrived 
at testing station with above in good order at 11:10 A. M. "Cement and 
hollow-tile test." 

Arrived at Sixty-eighth street and Avenue A at 8:ao A. M. Left tfsi 
st.ation for southwest corner Sixty-ninth street and Avenue A. Load^ 
wagon with 14 packages, "Jars and bottles " sealed samples of material 
used in cement and hollow-tile test at Sixty-eighth street and Avenue .A. 
Left at 8:40 A. M.. then to engine house Sixty-seventh street west of 
Third avenue, then to department of buildings. Arrived 9:15 A. M. 



November i8th. 



November i9ih. 



FIELD NOTES OF D. BARTLETT. 
(Building Department Records.) 

At 1:30 V. M. arrived at Sixty -eighth street and Avenue A. Took 
photograph of tile and concrete construction test and photograph of grate 
bars, looking south, at 2 P. M., I. Harby, witness. At 4 P. M. took pho- 
tograph of tile and concrete floor construction test, showing ceiling »ilh 
crack sawed separating the two constructions, J. B. Nau, witness, lookii^ 
south. At 4:15 P. M. left Sixty-eighth street and Avenue A. 

At 8 A. M. arrived at Sixty-eighth street and Avenue A. Acting m 
Superintendent's order through W. W. Ewing. Special Engineer, returned 
U) the department of buildings at once. 



FIRE TEST. 

November 19th was the day set for the test. The structure was 
complete, the loads placed on the arches, the fuel in position and 
all the adjuncts and appliances necessary to conduct the test in a 
scientific manner had been provided by the night of November 
18th. About this time, however, an injunction was issued by 
Judge I^wrence restraining the Superintendent of Buildings from 
carrying out the test. The injunction was obtained at the instance of 
the manufacturer of the tile blocks that were being used in the test 
on the ground that the test would be injurious to him and charging 
collusion between the Superintendent of Buildings and the John A. 
Roebling's Sons Company. From the foregoing field notes it will be 
seen that all the rei)resentatives of the Building Department were 
instructed to leave the testing grounds early in the morning of Novem- 
ber 19th in obedience to the injunction. 

Since all the details in regard to the construction of this test were 
on record in the Department of Buildings and everything was in 
readiness to apply the match, it will be obvious that it was unim- 
portant who actually supervised the test so long as it was conducted 
in an unprejudiced and scientific manner. All the leases, permits, 
contracts, etc., in regard to this test, were accordingly transferred by 
• the Building Department to other parties, thus overcoming the legal 
obstacle to the test. Upon the request of the John A. Roebling's 
Sons Company, Mr. Gus C. Henning, M. E., a recognized authority 
on the testing of materials, and Mr. Henry W. Hodge, C. E., Con- 
sulting Civil Engineer, kindly agreed to assume control and conduct 
^^e test as scheduled. Their report follows : 



^HPORT OF A COMPARATIVE TEST OE A SEMI- 
POROUS-TILE ARCH AND A ROEHLINC; 
CONCRETE ARCH. 

^^de at Sixty-«ighth street and Avenue A, New York City, November 19, 1897.) 

In making this test, four 10'^ beams were built al)ove a brick fur- 
*^^Ce, all as shown on the drawing submitted herewith, being in pairs 
^^ch exactly 5^ center to center, between one of which pairs the tile 
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arch was built, and between the other pair the concrete arch was buill, 
so that both arches were subjected to exactly the same conditions during 
the test. 

Each arch was constructed of material bought in the open market 
without any special preparation for this test, and the arches were laid 
as nearly as {X)ssible as is the usual custom in building constnictioD in 
New York City, and we consider them in all respects equally good wiA 
such work as usually built. 

These arches were both laid on the afternoon of October 20, 1897. 
On November nth, the top filling of Rosendale concrete was put 00 
each arch. On November 12th, the ceilings were plastered and 
allowed to dry naturally, without using any fire in the chamber. On 
November 1 8th, the arches were loaded with paving stone:>, each 
carrying a k)ad of exactly 1 50 lbs. per sq. ft. in addition to the weight 
of the arches themselves. 

The fire test was made on November 19th, commencing at 11:50 
A. M. The temperatures hereinafter given being taken by a pneu- 
malic pyrometer. The temperatures were gradually raised to about 
2,300 degrees, where it remained constant until the collapse of the tile 
arch, the temperatures being as follows : 

12:45 o'clock, i,6cx) degrees F. 



1:00 




2,OCX) 




1:15 




2,000 




1:30 




2,050 




»:45 




2,150 




2:00 




2,200 




2:15 




2,250 




2:30 




2,300 




2:45 




2,300 




3:00 




2,300 




3:06 




2,300 





Tile arch collapsed. 



The deflections were taken by an engineer's lex^el placed on a 
form entirely removed from the testing structure, and reading on die 
scales supported directly upon the arches. There were nine sudi scales 
on each arch, one at each end and one at center of each wall bean* 
and one at each end and one at center of longitudinal axis of arch, and 
the readings on these 18 scales are given on report of Jacob Rudo^Jt 
who made these readings and whose report is attached hereto, muked 
Appendix I. 
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Office of Jacob Rudolphy, City Surveyor, 

N. E. Cor. Lexington avenue and Fifty-seventh street 

New York, November 19, 1897* 



•} 



rtify, that I have this day taken observations of deflection on hollow- 
re test at East Sixty-eighth street near Avenue A, with the result as jxjr 
V. Wm. F. Rudolphy, 

Ci/y Sun'cyor. 

Hollow-Tile Arch. 

'• RKADLV; OF LEVELS IN |^ INCHES. 
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(Greatest deflection, 7 incfies. 

O 10 

RoEBLiNG Arch. 

READING OK LEVELS IN -^^ INCHES. 
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From these readings it will be noticed that the denectioii» at the 
center of arch at the moment of failure of the tile arch were Jf,,'',/' 
for the tile arch and if\)'' for the concrete arch. 

The fires were kept going from 11:50 to 3:06 P. M., when the lilf 
arch collapsed, and as it was then impossible to keep the tem])erature 
up, owing to the large o|K-ning in the roof of the funiace, further lest 
was diNContinue<i, and the fire was quenched by throwing a stream of 
water thereon, without, however, throwing water upon the concrete arch. 

The appearance of the arches after failure of the tile arch is ver^- 
clearly .shown by the photographs herewith submitted, which wert 
taken on the day after the failure, and as soon as the temperature ww\d 
allow their l)eing taken. [Figures 10 and II.] 

All dimensions of the furnace, simcing of lieams, proportions of 
mortar and concrete, and all other data relative to this test are shown 
on the drawing herewith submitted. [Figure 9.] 

On November 29th, Mr. Gu>. C. Hcnning made a series of load and 
drop te>t> on the concrete arch, the results of which will be snbmitted 
in a separate reiwrt. 

Resjwct fully submitted, 

Gus. C. Henning, 
Henry W. Hodge. 



M. :■ m.M- lili. ^ 



e after the fire le»l. 
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STRENGTH TEST. 

December 6, 18^7. 

Messrs. JoHN A. RuEBLiNd's Sons Company, 
1 1 7-1 21 Liberty street, New York City. 

Dear Sirs : 

Pursuant to your request 1 beg to re|)ort th.it on November 29th I 
tested to destruction the arch built by you at Sixty-eighth street and 
Avenue A. The arches tested were sections of an arch built betweei^ 
two \o^^ 1 beams spaced 5^ on centers, 14' long- The arch proix?*^ 
was built of Aallx>rg Portland cement I part, Cow Hay sand 2 part 
cinders 5 parts, not screened, laid over a centering of Rocbling' * 
iron lath flattened with a shovel and filled flush with the tops of lh» ^ 
10''' beams, the thickness at the crown being y. 

This arch was built on October 20lh. On November 1 1, 1897, ^ 
leveling or fill was api)lied over the arch to a height of 2"' over the toV 
of the 1 beams of a mixture of Bnwklyn Bridge Roscndale cement, ' 
part, Cow Bay sand 2 parts, cinders 8 |)arts. This was smoothed ow 
top and was of a minimum thickness over the crown of the arch of 2^ ^. 
this made the clear rise of the arch 7''^ and the thickness 5"". ( ^* 
November 12, 1897, the ceiling was plastered with rock wall j)laster ^ 
scant \^^ thick. 

On November 18, 1897, the arch was subjected to a uniformly d i ^- 
tributed load of 150 lbs. j>er s<j. ft. On November 19, 1897, the ar*:^!^ 
was subjected to a lire test, firing on a grate lo' l)elow the arch, tl^e 
temperature being raised at a uniform rate during ij^ hours to 2, 
degrees Fahrenheit, and then maintained for 2 hours at l>elween 2, 
and 2,300 degrees. At the ex|)iration of this period the fire A%'sa> 
quenched. 'Hie test load and the 2'''' of concrete fill or leveling \^' ^^^ 
subse(|uently removed to prepare for the following tests. 

The history of the arch as above stated was obtained by me fr<^>n* 
what I conceive to be trustworthv and reliable sources. The section-'* 
were prei)ared for testing through the arch at right angles to the hesi'" 
with a y2^^ chisel, which spalled the bottom of the arch on each >itie 
of the cut. Pressure was in each case applied through a block i 2'^ 
stjuare of sufficient thickness to insure uniformity of pressure over the 
entire surface, cushioned with j^^^ sand. The arches were prevented 
from opening out by tie rods of large area clamped to the Iwlioni 
flanges. Pressure was applied through the hydraulic testing apparatus 
which I always use, and the rate and amount recorded on two Bristol 
recording gauges. In all cases the rate of application of the load w'as 
practically uniform. 

Test No. i. — Of a section of an arch at the N. end of the large 
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section 46''' wide. The N. edge had l)een in contact with the brick 
wall of the furnace, but had been cut free. The S. edge was made by 
cutting through the arch section. When the load reached 3,750 
pounds, a crack y long appeared in the plastering under the point of 
loading. At 4,000 pounds this crack lengthened to 12''. At 11,900 
pounds the arch suddenly failed. After failure, however, it still had 
some strength as shown by the load curve. [Figure 13.] 

Test No. 2. — Was of a section a full 12" wide cut from the S. end 
of the large section. Failure occurred when the load reached 3,200 
pounds. 

Test No. 3. — W^as of a section just N. of No. 2 ; was cut on both 
sides and in consequence somewhat shaken. Its strength was 3,000 
pounds. 

In each one of the tests the arch showed a slight rearrangement and 
crushing tc^ether of the particles, the strength increasing in conse- 
quence. In the smaller sections the cracks did not appear until just 
before the ultimate strength was reached. 

Respectfully submitted, 

Geo. Hill. 
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SPECIAL REPORT. 

December 24, 1897. 

John A. Roebling's Sons Company, 
1 1 7-1 2 1 Liberty street. 

Gentlemen : 

As per your request I called at the testing ground at Sixty-eighth 
street and Avenue A, New York City, on November 22, 1897, and 
made an examination of the structure which had been tested November 
*9» 1897. The structure had cooled down, and I took the following 
readings on scales mounted on the hollow- tile and Roebling arches : 



a 


b 


c 


d 


e f g 


h 


i 


61M 


71 


64 


70 


74 79 M 


62X 


63 


• 
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I 


m 


nop 


q 


r 


80 54 


69 


50 


61M 


S3>i S6>^ 68 


63 >^ 


55 



These readings, in connection with the levels taken by Mr. Rudolphy 
during the fire test, show that the center of the concrete arch after cool- 
ing returned to a position 0.25'' higher than at the beginning of the fire 
test ; the steel beams returning practically to their original positions. 

When the center section of the tile arch between the two tie rods fell 
through, the lower parts of about one-half the skew backs in the col- 
lapsed part were broken off on a line with the beam flanges, while the 
Toussoirs broke off at the tie rods. A number of the skew backs re- 
main in position unbroken, some even at the center of the collapsed 
section, as showi by the photographs. These facts taken in connection 
with the curves of deflection as shown in diagrams [Figures 14 and 15] 
deafly indicate that the tile arch failed at the center and not at the 
skew backs. The end sections of the tile arch between the steel 1 
beams and the tie rods settled down on the latter which alone prevented 
complete collapse of the entire arch. I also examined the hollow-tile 
blocks to note the condition of the material after test. They showed 
imiumerable fire cracks in the lower parts where they had been in con- 
tact with the fire, the material crumbling into fine particles under pres- 
sure of the fingers. The upper parts of the blocks, where not exposed 
to the flames, remained in apparently the same condition as before test. 
1 was also present and witnessed the pressure tests made by Mr. Geo. 
Hill, on November 29, 1897. 

On November 30th, I made the following drop- tests of portions of 
;|fte some arch tested by fire on November 19, 1897 ; One section of 
|j|ke Aicfay 18^^ wide and extending fh)m beam to beam, was cut free 
Warn, the renuunder of the arch by a chisel, 2' fVom the south end of 
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e arch and a stone weighing 281 |x>unds was allowed to drop on its 
nter frora a height of 5^. The third blow caused failure. The re- 
linder of the arch, 5' 6^' long and 5' span between beams, served 
" two other drop- tests ; the same block of stone was dropped 10' on 
points each 2' fix)m the opposite ends of the arch striking just above 
e crown at center. In this case the stone broke two holes through 
i arch, although the latter did not collapse ; it was still strong and 
•viceable in spite of the two holes and several cracks. 
The stone used to deliver these blows was a piece of red sandstone 
?ssed to 13^' X 15^' and 18'' high. It was allowed to drop on the 
ked arch, and in falling invariably turned a trifle so that one comer 
uck the arch, thereby concentrating the impact on a small s|)ace, and 
king the test unusually severe. 

Res|)ectfully submitted, 
(Signed) Gus. C. Henninc;. 
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NOTES ON COMPARATIVE TEST FOR THE 

BUILDING DEPARTMENT. 

From the foregoing reports it will be seen that after both arches had 
been subjected to a fire test of three hours and sixteen minutes, under 
identical conditions, the hollow-tile arch failed. About one-third of 
the hollow-tile arch fell through into the test structure carrying the 
superimposed load with it. The remainder of the tile blocks were so 
badly injured by the fire that they retained very little of their original 
strength and would not have been safe or serviceable for subsequent use 
as a fire-proof floor had the fire occurred in an actual building. The 
Roebling cinder concrete arch, on the other hand, was absolutely unin- 
jured by the test as was conclusively shown by the strength tests of Mr. 
George Hill and the drop tests of Mr. G. C. Henning. 

Some of the photographs referred to in the field notes were partial 
or total failures, and so are not reproduced. 

The temperature chart of the Uehling & Steinbart pyrometer shows 
a remarkably uniform curve especially during the last two hours of 
the test. This indicates skillful firing and excellent management of 
the dampers, it being difficult to maintain such a uniform high tem- 
perature with wood fuel. 

While the Building Department field notes are very complete in 
many details, the manner of mixing and placing the concrete was not 
fully described. The materials were placed on a plank platform in 
the manner and proportions stated in the notes, then turned over 
once while dry with four shovels. Water was then added and the 
concrete was turned twice while wet, after which it was shoveled into 
buckets, carried and dumped on the wire arch. It was then spread 
and filled around the webs of beams and into comers with a shovel 
and not rammed. Leveling was done with a shovel and straight- 
edge making the concrete 3" thick at the crown of the arch. 

The amount of fuel consumed in this test was 5.5 cords, cor- 
responding to an average depth of fuel over the entire grate area of 
50.2 inches. 

The end sections of the tile arch which remained in position after 
the central portion failed, were very weak. After the rings of 
blocks held in position by the tie rods were loosened, the remainder 



Hollow-tile arch. 


Roebling arch. 


1.9^^ 


0.95'' 


1.75^^ 


1.40^' 


1-875'' 


I.175'' 


3.65'' 


1.40^' 



121 

of the arch blocks fell through under light blows from a shovel. 

From Mr. Henning*s report it will be seen that the concrete arch 
did not deflect or sag between the beams under the load of paving 
blocks during the fire test ; on the contrary, it raised a little at the 
crown, lifting the load with it. 

The scale readings as given by Mr. Rudolphy's table show the fol- 
lowing deflections at the centers of the two arches : 

Wall beam, ....... 

Center beam, ...... 

Average deflection of beams, .... 

Center of arch at 3:06 P. M., 

This would indicate that the steel beams carrying the tile arch de- 
flected about 60 per cent, more, under identical conditions of loading 
and heating, than those carrying the concrete arch, while the sagging 
of the tile arch at its center was 160 per cent, greater than that of 
the concrete arch. These deflections are interesting and instructive 
because they measure the relative protection to the beams afforded by 
the two types of floors. It will be evident from the data here given 
that when porous cinder concrete is massed about the webs of the beams 
a.nd the soffits are protected by wire lath and plaster with an air space of 
i" interposed, the beams are very much better protected than by the 
ordinary hollow-tile blocks with a lug extending under the beam and 
i plaster finish. Moreover the curves in the diagrams [Figures 14 
and 15] show that the concrete arch and the supporting beams 
deflected quite uniformly and in proportion to the heating, while the cor- 
responding deflections of the tile arch were very irregular and erratic. 

The steel beams supporting the concrete arch did not deflect suffi- 
ciently during the test to disnipt the plaster on the ceiling. 

For the benefit of those who may not be familiar with the manner in 
which hollow- tile fire-proofing is usually furnished and set under con- 
tiact, a few illustrations are given showing average construction and 
workmanship. The portions of the tile floors shown are reproductions 
from photographs taken while the fire -proofing work was being installed 
in some of the first-class buildings recently erected in New York 
City. By comparing the hollow- tile floors, as shown in the follow- 
i^g pages, with the test arch, as shown on pages 74 and 75, an 
Intelligent idea can be formed as to whether the test arch represented 
^tter than the average materials and workmanship as found in practice. 




Fig. 16. 
Hollow-lile lire-pruoliri); iil sipulhwcsi comer Bnadwnj Bml Wnrri-n vliiTt. J 
Vorli Cily ; firsi fVnjr iiesr fronl. View rcpresenLt average coiislrucliiiii of tilr A 
in this builtling and ^ht)Wi numerous hmkrn skew liacks aiid blocL'-. etvcnini' kc/v 
etc. Cnmpnre with teiil-nrcli, pages 74 aiul 75. 
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hk>clu, brtikcn »ltew back*, elc. Oimpnre with lest-fln.h, p^es 74 and 75. 
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That the illustrations of hollow-tile fire-proofing shown on the pre- 
ceding pages represent the average constniction as found in regular con- 
tract work in the large cities, will be api>arent to every one familiar with 
hollow-tile fire-proofing work in its practical details. They clearly 
prove that the hollow-tile arch as erected for the conii)arative test was 
set with greater care and with more perfect blocks than is- customary in 
practice, thus fully corroborating the opinions of the various inspectors, 
engineers, architects and others as stated in the field notes of the Build- 
ing Department records. 

The test-arch was in every respect a legal construction in New York 
City. Hollow-tile blocks of identical material, pattern, depth, etc., 
having been used for the floors of several office buildings in New York 
City, about the same time that the test was made. 

After the tile arch collapsed the fire was extinguished with a regu- 
lation fire engine, but no water was thrown on the ceiling of the con- 
crete arch. In the tests [No. I. and No. II ] made previously by 
the Department of Buildings the ceilings were suddenly cooled by 
drenching them with a regulation fire stream. It was believed it 
would be interesting to have the floor and ceiling in this test cool 
off slowly without applying water and note the eff*ects. The photo- 
graphs show that the brown coat of plaster remained intact with large 
patches of the hard-finish still adhering to it. 

By reference to the diagram. Fig. 15, it will be noted that the hollow- 
tile arch began to fail very rapidly at 1:40 P. M. About that time the 
deflection of the arch caused the joints to oi)en at the under side, thus 
admitting the heat and flames into the interior cellular sjiaces. 

The cause of the failure of the hollow-tile arch was the high temper- 
ature produced and maintained during the test. Nearly all the burnt 
day fire-proofing is manufactured at temperatures averaging less than 
2,050 degrees Fahrenheit. When in actual fires, or in tests, a higher 
temperature is reached than that at which the hollow -tile blocks were 
noanu&ctured, the tile surfaces exi)osed to the heat contract and disinteg- 
rate, and if the higher temperature be maintained the blocks weaken as 
the effect of the heating i>enetrates deeper into them, until the arch 
feils. If a temperature above 2,100 degrees Fahrenheit l>e maintained 
for any considerable length of time (two to four hours, depending upon 
the quality of the tile), the surfaces in contact with the heat are de- 
stroyed almost to a state of incineration, as illustrated in Mr. Henning's 
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re|X>rt, " the material cnimbling into fine particles under pressure of the 
fingers." While leni|>eratiires higher than 2,100 degrees Fahrenheit are 
realised and maintained for considerable j>eriods of time only in the 
largest and most severe conflagrations, when such se\'ere conditions do 
prevail results similar in e\er\- way to those [iroduced by this test can be 
ex|>ei:ted. The correctness of this conclusion was shown by the great 
Pittsburg fire, in May. 1898. in which the Home store building was 
destroyed. Notwithstanding all the controversy since the fire occurred 
and the arguments advanced for and against the hollow -tile fire-proofing 
employed in this building, the tact that all the floor arches that did not 
drop out during the fire had to be re!>laced by new material when the 
building was rebuilt, is conclusive proof that all of the arches were either 
destroyed or seriously damaged by the conflagration. 

The test as made for the Building Deparlment was made under the 
most favorable conditions for the hoUow-tile construction. The l)eams 
were e.tactly [larallel and the walls at the ends formed a rectangular 
\ane\. It is well known that in practice a large proi>ortion of the 
beams are not set exactly |>arallel, and the walls and framing of the steel 
work in irregular-shaped Imildings frequently cause a great many oblique- 
angled ])anels. Those familiar with the setting of hollow-tile fire-proof- 
ing are fully aware of the difficulties caused by such irregular arches and 
how ill-adapled the tile blocks are for such sjtecial conditions. Figures 
13, 24 and 25 are examples of obliijue-angled panels, which illustrate 
average conslntction in such cases. It will be e^'ident that in cases of 
this kind, where the blocks are broken into irregular shapes and the 
space simply filled with material, that the strength of the construction is 
greatly iinpaired. In the Roebling systeiu, on the other hand, the con- 
crete is placed in ])osition while in the plastic state and readily adapts 
itself to any irregular sha[tes and special conditions, the resulting con- 
struction l)eing eijually as strong as in the rectangular jianels. 

Figure 26 illustrates another 
weak feature in hollow-tile con- 
struction. When a double-tteam 
girder is employed and the l)eanis 
are framed into it, so the lower I 
flanges are flush, or nearly so, it is 1 
impracticable to protect the soflits 
of the girder beams with tiles and 
they are consequently left exposed. Fig. 1 
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to be subsequently covered in some inexpensive manner by the plasterer. 
The methods employed in such cases invariably fail to provide adequate 
protection. In the Roebling system .such double girders are readily 
and efficiently protected, as shown in Figure 27. 



MISCELLANEOUS TESTS. 



THE following tests were made at the request of architects or 
owners, and generally on sections of flooring selected by them- 
selves or their representatives. In applying the loads of 
common brick great care was exercised to prevent bonding either by 
the friction of the surfaces or by breaking joints ; because in either 
case an arch is formed in the load itself which transmits the load 
directly to the beams and renders the test valueless. In all the tests 
here given the loads were so placed that they were wholly supported 
by the arches. The architects and owners were in all cases satisfied 
with the tests before the maximum strength of the floor arches was 
developed. This accounts for the fact that no tests were made to 
destniction. See page 114 for test to destruction. 



DROP TESTS. 

The following tests were made at the Hotel Savoy, Boston, Mass., 
in November, 1894. Depth of the beams, 15"; spacing of beams, 
4' 6" : 

I. — A shot weighing 46 pounds was dropped from a height of 43)^', 
striking fairly on the crown of the arch, but on a 3" x 3" sleeper, 
imbedded in cinder concrete. The sleeper was crushed to splinters, 
and the cinder concrete (between the sleepers) was broken. The 
sleeper and the concrete were then removed and the shot was again 
dropped from the same height (43^')- ^^ struck directly on the 
crou-n of the unprotected arch, its thinnest point, which was aji" 
thick. The effect of the impact was to imbed the shot one-tUid of 
its diameter in the concrete. A proportionately smaller xoond pRH 
tuberance appeared on the under side of the arch ; oAerwlK ^ 
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arch was apparently uninjured. There were no cracks. The blow 
was equal to 2,000 pounds at i' fall. 

II. — A mass of concrete weighing 410 pounds (which was being 
removed to make an aperture for a light well) was allowed to fall 
from the story above (11') to the concrete arch below. The shock 
did not even crack the arch. 
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CEMENT CONCRETES IN HIGH 
AND LOW TEMPERATURES. 



T 



HE standard proportions of cinder concrete for fire-proofing 
purposes, as adopted by The Roebling Construction Company, 
are as follows : 

1 part high-grade Portland cement, 

2 parts clean sharp sand, 
5 parts steam ashes ; 



or, 



I part high-grade Portland cement, 
2)^ parts clean sharj) sand, 
6 parts steam ashes. 

Good Portland cement is manufactured at temperatures from 2,600 
degrees to 3,000 degrees Fahrenheit ; sand does not fuse until a tem- 
perature of above 2,900 degrees Fahrenheit is reached ; and cinder is 
produced at temperatures of from 2,600 to 2,900 degrees Fahrenheit. 
These temperatures are all above the maximum temperatures (2,000 to 
2,300 degrees Fahrenheit) that are ever reached in the severest con- 
flagrations. The materials named are therefore available and suitable 
for fire-proofing purposes. 

These materials in the proportions named, when manipulated ac- 
cording to our methods, and placed in the arches without ramming, 
produce a concrete that is light, porous and of ample strength. The 
quality of porosity is highly important in a concrete designed for 
fire-proofing purposes, because it increases its efficiency as a non- 
conductor of heat and cold and enables the concrete to sustain great 
and sudden changes in temperature with much less injury than is the 
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case with solid or non-porous materials. That this is true when 
cinder concrete is heated from ordinary to high temperatures and then 
suddenly cooled, was conclusively proven by the fire and water tests 
of the New York Building Department ; the concrete as furnished and 
submitted for ihe tests of the Roebling System developing the highest 
fire and water resisting properties of all the materials tested by the 
department. 

In this connection it will be interesting to note that Portland cement 
has been recognized abroad for a number of years as a superior cement- 
ing material in concretes designed for fire-resisting purp>oses. As an 
illustration of this fact reference is made to the linings of the Dietzsch 
cement kilns which in some of the largest cement factories were changed 
eight years ago from magnesian fire-clay brick (a vastly more refractory 
material than ordinary burnt-clay fire-proofing) to a Portland cement 
concrete of secret composition. In the manufacture of Portland 
cement, such high temperatures are obtained that considerable difficulty 
was experienced on account of the melting of the burnt fire-clay linings 
which, when fused, became attached to the charge in the throat of the 
kiln. This difficulty was remedied by substituting a Portland cement 
concrete lining which has since been in use. (See Cintents et chaux 
HydrauliqueSy by Candlot, page 55.) 

It is well known that all the natural stones, such as granite, lime- 
stone, sandstone, trap-rock, etc., will crack and fall to pieces when 
heated and suddenly cooled \ the temperature producing disintegra- 
tion varying from 1,000 to 2,000 degrees Fahrenheit, depending upon 
the structure of the stone. The cracking or failure of the stones when 
subjected to heat, etc. , is caused by their very compact and non-porous 
character, there being no possibility of local expansion or contraction 
without rupture. None of these stones are therefore suitable for use 
in a concrete intended for fire-proofing purposes. 

To illustrate the behavior of stone concrete when subjected to high 
temperatures and sudden cooling, it will be interesting to refer to a 
fire and water test of a stone concrete fire-proof floor, consisting of 
I part of high-grade Portland cement to 2 parts of sand and 5 parts 
of trap-rock crushed to pass through a ^" square. The concrete was 
laid on wood centering and well rammed in the usual way until all 
the interstices were filled and the liquid cement appeared on the top 
surface. This concrete flooring was subjected to a five-hour fire test, 
an average temperature of about 2,000 degrees Fahrenheit being main- 
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tained during the last three hours of the test. At the expiration of 
the fire test a regulation fire stream through a i^" nozzle, under 60 
pounds pressure, was directed against the under side of the flooring 
while it was red hot. The stone concrete immediately began to dis- 
integrate over the entire surface swept by the fire stream ; the disin- 
tegration continuing until a point was reached where the temperature 
of the concrete was not sufficiently high to crumble when it came 
in contact with the water. The distance from the under surface at 
which disintegration ceased was about i^", and a layer of the con- 
crete averaging i^" in thickness was actually dislodged over the 
entire area that could be reached by the fire stream. 

In the Building Department tests of the cinder concrete arches of 
the Roebling System as reproduced in this volume, because of its 
porous character, none of the concrete was disintegrated by the heat 
or the sudden change of temperature, and what little material was dis- 
lodged was carried away by the force or impact — the erosive action — 
of the fire stream, and at such spots where the stream was allowed to 
play for a considerable length of time. 

The behavior of this cinder concrete at temperatures below the 
freezing point is very remarkable. On account of its porosity it can 
be laid in freezing weather, and if frozen hard immediately after being 
placed in position it will not crack or be seriously injured. This is 
contrary to the observed behavior of ordinary concrete and cement 
mortar in freezing weather, and is of sufficient importance to warrant 
further analysis. 

It is well known by practical builders that cement mortar is easily 
^d seriously injured by freezing, and the best and most careful con- 
tractors discontinue bricklaying and other mason work when the tem- 
perature falls below 28 or 30 degrees Fahrenheit. This temperature 
has been found by practice to be the lowest at which cement mortar 
can be safely worked with good results. Substantially the same limit- 
ing temperature in regard to cement mortar was determined by tests 
made by Booth, Garrett & Blair, engineers and chemists, in 1896. 
Through the courtesy of Mr. Edwin Hall of Philadelphia, Penn- 
sylvania, for whom the tests were made, we are permitted to repro- 
duce them here : 



TESTS OF CONDOR CEMENT, LOT No. 37, TO DETERMi-t- 

EFFECT OF FREEZING AND THAWING. I 

Philadelphia, December, 19, 1896* 

Booth, Garrett & Blair, 
404 and 406 IxKTUst street. 

These bri(juettes were made up 2 to I with commercial sand used ^^ 
the Clirard Building. The cement wa.s cold and the sand cold a^^" 
damp. As .s<x)n as the bricjuettes were made, and l>efore they were s^^ ^ 
they were placed in cold storage chamljers at the 1 8th St. Market -^^ 
temj)eratures indicated in the headings below. The briquettes remain ^t=;d 
in gun-metal moulds while in the cold storage hou.se. After being in 
cold storage 48 hours they were brought back and placed on the windo ^^w- 
shelf in the sun in a room having a temperature of 70°. The briquet "^Hles 
were at no time immersed after being made up : 



y-Day Tests. 

Lot No. 1. Ix)t No. a. Lot No, 3. 
Temperature, 4 ° F. Temperature, 30° F. Temperature, so** F 

No. 7 113. ..44 lbs. S No. 7118...158 lbs. No. 7123. ..55 lbs. S 

7114...50 S 7119...142 7124.. .72 S 

7115...58 7120... 125 7125. ..52 S 

7116...55 S 7121...150 S 7126.. .52 S 

7117...65 S 7122... 135 s 7127. ..55 

Average... 54 lbs. 142 lbs. 

Water, 1 3 jjer cent. 

Briquettes marked S broke off in the .shoulder. 
Bri(juettes marked S broke off in the shoulder in the grip. 

Yours respectfully, 

B<^)OTH, Garrett & Blai 



REPORT OF TESTS OF CONDOR CEMENT, LOT No. 27, TO 
DETERMINE THE EFFECT OF FREEZING AND THAWING. 

Philadelphia, December 21, 1S96. 

These briquettes were tested under the same conditioiis as the fin 
lot, excepting that they were allowed to set 24 hours m air befofe ban 
placed in cold storage. Briquettes marked S broke in the shoulder. 
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y-Day Tests ^ i to 2 Bar Sand. 

Lot No. 4. Lot No. 5. Lot No. 6. 

Tcmpctature, 4 ° F. Temperature, 30° F. Temperature, zo° F. 

7128 130 lbs. 7133 194 lbs. 7138 120 lbs. 

7129 300 7134 165 7139 150 

7130 140 S 7135 196 7140 . 132 

7131 '68 7136 172 7141 95 

7132 134 7«37 "65 7142 116 

Average... 154 lb.s. 178 lbs. 122 lbs. 

P. S. — The setting time of this cement as determined by standard 
ethods was : 

Initial set, . l° 45' 

Final set, ... 4° 25' 

Yours respectfully, 
(Signed) Booth, Garreti' & Hlair. 

These tests would indicate : 

First. That cement mortar laid in temperatures as low as 30 degrees Fahrenheit 
fill give approximately the same results as if laid at temperatures near the freezing 
wint or just above it. 

Second. That if laid in temperatures of 20 degrees Fahrenheit and lower about 
wo-thirds of its strength is lost. 

Third. That somewhere between 20 degrees and 30 degrees Fahrenheit is the 
nuting temperature below which cement mortar should not be worked. 
Fourth. That if cement mortar can be kept at a temperature of 30 degrees Fah- 
»iheit or higher for a period of 24 hours immediately after being laid subsequent 
^zing will not cause serious injury. 

These conclusions confirm what has already been learned in prac- 
'e. They do not apply of course in cases where the materials are 
LTmed or where salt or other chemicals are used to overcome the 
ccts of low temperatures. 

Cement mortar is a solid compact substance, which when mixed 
d ready for use has all the interstices filled with water. The con- 
tions under which it is worked are also most disadvantageous because 

thin sheets (as in joints between hollow brick and common brick 
>rk) it is in a form most easily affected by freezing. Cement mortar 

generally used contains from 15 to 25 per cent, of water, which 
h(0l frozen invariably cracks the mortar and ruins it. This is illus- 
pitd by the familiar example of frozen and cracked cement side- 
The trowelling of the finished surface draws a large amount 
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of superfluous water to the surface where it must remain until evapo 
rated. If exposed to freezing weather the water is soon converter 
into ice and the expansion is sufficient to break the strongest cement 
ing material. The same is true with all kinds of concrete work in 
which the material is rammed until all the interstices are filled with 
cementing material and water appears on the top surface. 

In the Roebling arch the concrete is never rammed or tamped but 
is filled and spread over wire centering and leveled or smoothed with 
shovels and straight-edges. This treatment leaves the concrete in a 
very porous or honeycombed condition. By the use of wire center- 
ing all the superfluous water used in mixing the concrete drips away 
immediately after it is placed in position, and by the time it has cooled 
off sufficiently to freeze there is never enough moisture in the concrete 
to break the bond of the cement. This unique feature of the cinder 
concrete as furnished for the Roebling System makes it practicable to 
erect fire-proofing work during the winter months when all other sys- 
tems must either delay operations or resort to artificial heating. 

About 30 per cent, of the Roebling concrete floors that have been 
furnished in the past have been installed in the winter months under 
the most severe conditions. The fact that not a single square foot of 
concrete arch work has ever been injured or repaired on account of 
injury from freezing, should be convincing proof of the practicability 
of installing this construction in cold weather. As further evidence 
of the facts here recited a number of certificates, affidavits, etc., are 
appended : 



Hknrv \V. HoixiE, 
Civil Engineer, 71 Broadway, New York 

City, X. Y., Januar)' 19, 1898. 

Af^'ssrs. John A. Rof.hmnc.'s Si>Ns C<.»mpany, 
Na-*. 1 1 7-1 19 Lil>erty street. New York City. 

Your inijuir>- in rejjaril to the tir>t a^ncrete arches furnished at the Bowling Green 
Building in Fehruar>\ 1S06, is at haml. 

I will stale that the first concrete work \*-as put in over the wre centering several 
ilays prior to Febrtiar)- 27, iSoa, on which date I visited the building and inspected 
the work. The ctwcrete had not set. the weather being cold and rainy. During the 
next few tiays following Februar>- 27ih, snow fell on the flooring, which thawed wbc* 
the weather nKvlerattnl during the day time ami froze again at night. There was <*• 
n>of or ci>\*ering of any kind to protect this work and it remained exposed to the xofi^ 
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uo£ivorab!e weather conditions during the entire spring. Your representative informed 
as that in ease the work proved unsatisfactory after it had dried out in the spring, that 
it would be removed, and good concrete furnished in its place. It was a matter of 
much surprise to myself, as well as those connected with this work, to find in the 
spring that the concrete had hardened sufficiently to make a good substantial floor and 
that it was not found necessary to remove it. 

Very truly yours, 
(Signed) Hknry W. Holxik, 

Consulting Engineer. 



Rk HARD Dkevks & .Son, 
Mason Builders, Mutual Reserve Building, Broadway and 

Duane sis., New York City, N. Y., January i8, 1898. 

This is to certify that we were the general contractors for the apartment house ** La 
Rochelle" on 75th street and Q)lumbus avenue. The Roebling System of fire- 
proof flooring was used in this building, and considerable portion*^ of the concrete 
arches were erected during the winter months. The concrete work was carried on 
at all temperatures at which it was safe to erect the brick and other mason work. 
The flooring was used for the storage of materials and other purjx)ses during the erec- 
twn of the building and the recently laid concrete was sometimes frozen hard before 
it had entirely dried. Whenever it was necessarj' to cut openings through the con- 
crete work for piping, etc. , the arches were found to be in first-class condition. To 
fiuther satisfy ourselves of the quality of this work, an arch was selected by the 
^thitect's representative, which had been put in under very unfavorable conditions 
*od had been exposed to alternate freezing and thawing for several months. A por- 
tioii of this arch was cut free from the remainder of the flooring and loaded up to 
Soo pounds per square foot, which was entirely satisfactory to us. We believe that 
^ncrete work, according to the Roebling System, can be erected in the same tem- 
peratures at which it is safe and practicable to erect brick work or other masonry 
^ork. 

(Signed) Richard Deeves & Son. 



Philadelphia, Pa., January 19, 1898. 

This is to certify that I was in the employ of Lamb & Rich, architects, in super- 
^ing the construction of the apartment hotel "La Rochelle" at 75th street and 
0)lumbus avenue, New York C-ity. The Roebling System of concrete floor arches 
^"^ used throughout in this building and the work was put in during the months of 
January, February and March of 1896. The concrete work was carried on simulta- 
'^cously with the mason work and was discontinued whenever it was too cold to erect 
'***son work. The concrete floor work was started in the lower stories and was sub- 
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jected to the most unfavorable weather conditions during all of the winter iiK>nth.s, 
the upjjer tiers l>eing constantly snowed and rained u|x>n and being subjected to all 
the variations of temperature incident to this climate. In the spring, after the greater 
|X)rtion of the work had l>een completed, a test was made of one of the arches that 
had been as much exjjosed to unfavorable weather conditioas as any, and which hail 
a larger span than the average l)etween the iron beams. A portion of thi> arch 
al)Out 4'' to 5' was cut away from ihc rest of the flooring and a concentrated load of 
500 |H)und> per s(|uare f(H>t placed u|X)n it, which fully satisfied the architects and thr 
general contractors as to the eftlciency and satisfactory character of the wx>rk. I was 
present at the building nearlv every day during the>e months and can certify that the 
flooring was frozen solid and dry during cold spells that (xrcurred while this work was 
l)eing erected. 1 observed no cracks or injurious effects of the frost. I have had 
considerable experience in suj>erintending building construction in New York and 
other cities, and believe that concrete flooring can be erected under all C(»)(lition.s of 
temperature in which it is |)racticable to lay burnt-clay products with cement mortar. 

Ver\' truly yours, 
(Signed) \V. H. WniTrAL 



McCabk Brothkrs, 
Masons and Builders, ^2 ^^^ 35 ^V- 64th street. 

New York City, N. Y., January 19, 1898. 

This is to certify that I was foreman for McCalxi Brothers, contractors and builders, 
during the construction of the Y. M. C. A. Building on 57th street Ix^t ween 8th and 
9th avenues. The Rix^bling System of concrete construction was u.sed for the roof of 
this building, and was erected in the months of January and February, 1896, under 
extremely unfavorable weather conditions. The temperature during the erection of 
|X)rtions of this work was as low as 28 degrees Fahrenheit. Some of the concirte 
work was erected at such times when the stone and brick work and tile fire-proofii^ 
had been discontinued on account of cold weather. The concrete work on the n»fi 
owing to its ix)sition, was exiK>sed more than any other portion of the entire boildiDgf 
and, when completed, was uniformly g^xxl and satisfactory. This was verified by 
various o|x*nings which it was necessary to cut through the work for ventilators, etc 
In no case where the roof arches froze up hard and tight did any cracks devekp in 
the concrete arches. 

(Signed) Daniel Suiklds. 



McCabe Brothers, 
Masons and Builders, 33 and 35 W. 64th street^ 

New Y'ork City, N. Y., January 19, 1898L 



} 



This is to certify that I was foreman during the construction of the Hot 
erected at Nos. 13 and 15 West 28th street. New York City, for MffCkbf 
'Hie K(x.4)ling System of rire-pr(.K)f flooring was u.sed in this luiimiy, A Im|> 



147 

portion of the concrete work for the Roebling Floor System was put in during the 
month of February, 1896, and a consideral)le amount of concrete work was done when 
the temperature was below the freezing ix)int. The work was discontinued when the 
temperature got below 28 degrees Fahrenheit. We usually discontinued the brick 
wcffk at the same tem]x.'rature. The concrete floor arches were not heated or pro- 
tected in any way. The flooring was used for the storage of materials, etc., and 
seemed to be of unifonu strength throughout. Wherever it became necessary to cut 
out portions of the flooring for pluml)ers and other mechanics, the concrete work was 
found to l)e uniform and first class in every resj)ect, irres|)ective of the temperatures 
at which the work was jiut in. Although low temperatures prevailed at night and the 
concrete arch work frequently froze up solid and dry, I failed to observe any cracks or 
injur)' in the arch work. 

(Signed) B. SMITH. 



PHILADKLI'HIA, pA., March 21, 1898. 

John H. Donnelly, being duly sworn, de|x>ses and says that he has been employed 

">■ the John A. kocbling's Sons Company, a corjx^ration having its principal office 

^"d place of business at Trenton, N. J., and a branch office at Nos. 1 1 7-1 19 Liberty 

'^^''eet, New York, as su]x,*rintendent in the department of fireproof construction, for 

* f>erio<l of six years ; that he has been in charge of the practical work in installing 

"^^-proof arches in a number of building operations undertaken by said John A. 

"^bling's S)ns Ccmipany, among others a school building in Fast Fnd in the city of 

"ttiburgh ; that during the erection of the concrete arch work in the said school 

•wilding, considerable quantities of concrete were mixed and placed in ix)silion while the 

^cm|)erature ranged between zero and 12 degrees below zero, Fahrenheit ; that while 

"^e building was enclosed to the extent of closing window and d(X)r openings, the 

^ly artificial heat in the building was two salamanders on the first floor ; that although 

portions of the fl(X>r froze up solid and dry in this temperature, he observed no crack 

^^ injur)' of any kind to the concrete work due to freezing ; that after weather raod- 

^'^ted and later in the spring, after wanner weather j^re vailed, the concrete floor 

Arches were in first-class condition and satisfactory in every respect to all parties con- 

^^erned. 

Upon exjXirience, information and belief, dejx)nent further says that concrete can 
^ Worked and floor arches be installed at such temj^eratures without serious damage 
^f any kind and that it is entirely practicable to work concrete at such temperatures ; 
'^^f that on account of other work l)eing discontinued at such low temperatures, it is 
^*^Mom necessary to erect work of this kind at such temi)eratures. 
Philadelphia, March 21, 1898. 

(Signed) John II. Donnelly. 

Svrom and subscribed to Ijcfore me a Notary Public for the State of Pennsylvania. 
(Signed) Horace A. Reeves, 

Notary Public, 
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New York, N. Y., January- 21, 1898. 



State of New York, "> 
County of New York. /^"^' 



' t 




Henry L. Brandt and George li. Kunneke, being severally and duly sworn, depo= — ^^ 
and say that they have been employed by John A. Roebling's Sons Company, a fo:^^' 
eign coqx)ration having a principal office and place of business at 1 1 7-1 19 Libert:: — ^ 
street, in the City of New York, as superintendents in the department of fire-proc::^^:^^^^^^^ 
construction for the periods of seven and nine years respectively ; that tliey have bee 
in charge of all the practical work in installing the fire-proof arches in all the larg 
contract work undertaken by said John A. Roebling's Sons Company in this city; th 
they have found no difficulty whatever in erecting the fire-proof arches as rapidly 
the iron work has been furnished in position by the iron men, the concrete wor 
usually following within two tiers of the iron work ; that the larger portion of th 
fire-proof work has been erected during the spring and summer months ; that de 
nents' instructions from the manager of the department of fireproof construction ha\— - 
been to discontinue the manipulation and placing of concrete in arch work when tlr^ 
temperature falls as low as 28 degrees Fahrenheit, and that such iiLslructions ha 
been uniformly followed ; that sometimes immediately after discontinuing the wo- 
at the said temperature of 28 degrees, the weather l)ecame steadily colder while t' 
concrete was still moist, and that, in a number of instances, es|)ecially at night, 
floors were frozen solid and dry, but that in all de|X)nents' ex|>erience in connect^H 
with such work aforesaid, there never has been a single instance where the flouriK. 
was cracked or damaged in any way by the frost ; that it has not been necessary — 
take out a single arch or any portion thereof in any of the work with which depone^ 3j(s 
have been connected, either in this or other cities, on account of damage by frost. 

Upon experience, information and belief, deix)nents further say that concrete carm be 
worked and that floor arches can be installed at any temj)erature at which it is |>«r2ic- 
ticable and advisable to use cement mortar as it is used in ordinary mason worlc. for 
the erection of tile fire-proof arches ; that it is possible to put in concrete arches ^t a 
lower temperature than 28 degrees without apparent or serious injury ; but that depo- 
nents have not found it necessary m their work in this city to install work at a lo'^^'^r 
temperature than 28 degrees. 

(Signed) H. L. Brand! , 

(Signed) Geo. H. Kunnf.kli-'- 

Severally and duly sworn to before me this 2ist day of January, 1898. 
(Signed) Howard McWilliams, 

Notary Public^ Kings CoufS^^'^ 
Certificate filed in New York County. 
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FECT OF CINDER CONCRETE 
ON IMBEDDED STEEL. 



UCH has been written in the technical journals and elsewhere 
on the protection which Portland cement concrete affords to 
iron and steel. In all these discussions and tests the concrete 
een composed of stone aggregates. Outside of our own investi- 
ns there is very little available information on this subject. In 
• to confirm our own researches and observations, as well as to 
e an absolutely disinterested opinion on the subject, Messrs. 
h, Garrett & Blair, of Philadelphia, Pa., were commissioned to 
; a thorough investigation. Their report, together with some 
spondence upon the same subject, is given in full as follows: 



RT ON THE EFFECrS PRODUCED liV CINDER CONCRETE 
ON IRON IMliEDDED IN IT. 

March 3, 1898. 
r. John A. Rokblin(;'s Sons Co., 
17 Liberty street, New York. 

'men : — 

eeably with the instructions received from Mr. Himmelwright 
ir company we have had under consideration for some six weeks 
he question stated in the heading, to wit, the effect of cinder 
te as used by you in floor arches, etc., upon steel imbedded in 
d are now prepared to report on the matter as set forth in detail 

• 
• 

January 7, we received from you, by express, samples, as Samples, 
s: 

1. Cement. 

2. Mortar sand. 

3. Anthracite cinder. 



Corrosion of 
iron and steel. 



Sulphates and 
sulphides in 
concrete. 



We understand these samples to represent, respectively, — one, Aal- 
borg Portland cement ; two. Cow Bay sand ; and three, cinder from 
boilers of the New York Steam Co., using Anthracite pea coal. We 
further understand that the proportions in which these ingredients are 
used in concrete are, one cement, two sand, and Hve cinder. 

In dealing with corrosion of iron and steel, three active agents pro- 
ducing it are recognized. These are water, carbonic acid, and sul- 
phuric acid. Pure water, free from carbonic acid, will not attack iron, 
but unprotected ironwork is rapidly corroded by either carbonic or 
sulphuric acid in aqueous solution or by contact with these acids in a 
damp atmosphere. It is, of course, a fact that in structural work the 
metal is generally protected by a covering of paint of some sort or 
other. Such coatings, however, vary greatly in the efficiency with 
which they protect the iron ; many of them are destroyed themselves 
by the presence of either acids or alkalies, and all of them are likely 
to be removed in places by abrasion or other mechanical effect. Hence, 
for the purposes of this investigation, the coating on the iron may be 
dismissed as irrelevant and the question then becomes, what corro- 
sive effect a concrete of one cement, two sand, and five cinder, as per 
samples received, would exert on unprotected structural steel ? Again, 
since both carbonic acid and moisture are always present in the atmos- 
phere, it may be assumed that any corrosive effect which they c 
produce would be exerted in any case as conditions favored. It is noi 
therefore necessary to make any investigation to discover the presence 
of carbonic acid ; it is only necessary to consider whether it coulc 
produce corrosion on iron imbedded in this concrete. The investig 
tion thus narrows down at the outset to determining the presence 
sulphides and sulphates in the concrete. 

There is shown by analysis of the samples received : 




Cement, 

Sand, 

Cinder, 



Sulphuric acid. 
2.083 per cent. 
None. 
0.213 per cent. 



Sulphur as 
sulphide. 

Trace. 
« 

0.188 per cei 



?nt. 



Sulphates and 
sulphides in 
ashes. 



The figures for sulphuric acid and sulphur in the cinder are lo^ 
than we expected and lower than is generally supposed. On the sw 
position that the sulphur might be found in fine ashes instead of in r 
cinder, we requested you to send for another sample to be taken dire« 
from the chute. Analyzing the fine ashes in this we obtained : 



Sulphuric acid, 
Sulphur as sulphides. 



o. 161 per cent. 
0338 



t( 



wer 

Sttfh 

the 
iCtly 



This shows a little more. It occurred to us that the sprinklin 
the ashes to cool them might dissolve out some of the sulphur 



of 

80 



re asked for a third sample to be taken directly from the ash pit. 
This analyzed : 

Sulphuric acid (S03), . 0.144 percent. 
Sulphur as sulphides, o. 116 " 

This is the lowest determination of the lot. The conclusion we 
each is that the sulphuric acid in the cinder may be reckoned at 0.20 
>er cent., and the sulphur as sulphides at about the same figure, — 
>.20 per cent. The sulphuric acid present in the samples is, of 
:oarse, in combination — in the cement, as sulphate of lime, and in the 
rinder, probably also as the same salt. 

The sulphides in the cinder are, however, capable of reacting with 
water to form sulphate, and if not combined with or surrounded by 
lime, are capable of corroding the iron. 

The determination of the sulphuric acid present is important be- Effect of 
cause of the remarkable effects produced upon the cement by this salt, sulphuric acid. 
These effects are two-fold, viz., — one, to modify the setting time ; and 
two, to modify the tensile strength. 
Thus, the Messrs. Dyckerhoff, German manufacturers of cement, Time of setting. 

reported a number of years ago the following observations on the 

^ects of sulphate of lime on setting time : 

Sample. 
Cement as manufactured, . 
Same cement with addition of 0.5 per cent 

of sulphate of lime, 
Same cement with addition of i.o per cent 

of sulphate of lime, 
Same cement with addition of 2.0 per cent 

of sulphate of lime. 

The effects of sulphate of lime on strength are almost equally Strength. 
remarkable as shown by the following series of observations made in 
<Hir own cement laboratory : 

7-day test, neat 7-day test. Total per 
cement. i to 3 sand. cent, sul- 
Sample. phuric acid. 

Cement as manufactured, 444 lbs. 196 lbs. 1.20 

Same cement with ^ per cent, sul- 
phate of lime added, 589 ** 212 " 2.03 
Same cement with 2 per cent, sul- 
phate of lime added, 651 " 215 " 2.30 
Same cement with 3 per cent, sul- 
phate of lime added, . 729 " 225 " 2.86 

cement with 4 per cent, sul- 
phate of lime added, 524 ** 165 " 3.40 
cement with 5 per cent, sul- 

of lime added, . . . 247 " 66 •* 3.96 

cement with 6 per cent, sul- 

of lime added, 254 " 63 " 4.50 



Setting 


time. 


0° 


2(y 


'• 3° 


30^ 


10° 


0^ 


14° 


c/ 
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Total sulphuric 
acid. 



Fractional part 
of acid only 
effective. 



Test specimen. 



Practical test. 



Without stopping to discuss the reasons of these phenomena (whict^ 
are fully confirmed by numerous authorities) it is sufficient to point out 
that sulphate of lime in quite small quantities acts to retard the setting 
of cement and to increase its strength. In larger quantities, it is in- 
jurious, reducing the strength of the cement. 

Reckoning the total sulphuric acid in the concrete to determine its 
proportion to the cement, we have : 



lOO pts. cement, sulphuric acid (say) 
200 •* sand, " ** (none) 

500 '* cinder (0.20 S03) 

(o. 20 S hydrated S03) 



2. 


10 


per 


cent 


I 


00 




t( 


2 


.50 




(( 



5.60 



(( 



or the total sulphuric acid present in the concrete would be $.() per 
cent, of the weight of the cement. 

If this amount of sulphuric acid were actually able to react upon 
the cement, it would very seriously eft'ect it ; and, if we suppose the 
cinder to be ground to an extremely fine powder and intimately mixed 
with the cement before hydration, then some such effect would no 
doubt be produced. Hut as the sulphuric acid is actually dis^eminated 
through a mass of cinder in lumps say |^^' diameter, many of which 
are hard and semi-vitrified, the conditions are quite unfavorable to 
chemical reaction, and a fractional i>art only of the acid can be sup- 
posed to be effective. That some of it is effective will appear below, 
but we have no hesitation in saying, — one, that under the actual con- 
ditions this amount will not injuriously effect the cement; and two, 
that per contra if the cement can react to neutralize all this free acid, 
the iron imbedded in the concrete will be fully protected from corrosion. 

To prove this by actual experiment, we made up ver>' carefully a 2'' 
cube of concrete, and three days after making it, a drip of distilled 
water was started over it which was maintained for one week. An 
analysis of the solids dissolved out in this way showed that the pro- 
portions of lime and sulphuric acid were : 



Ca©. , 
S03., 



I ^.28 per cent. 
13.80 



(( 



The sul|)huric acid present can combine with but 9.66 parts of lini*» 
leaving 3.62 parts in excess of that required to neutralize the acid. 
There was no acid reaction and the analysis shows that under favor- 
able conditions there will be none. 

For a practical test of steel imbedded in a I-to-2-to-5 concrete as 
used in New York, we made up from the samples furnished a concrete 
proportioned as follows : 



540 grams of cement, 
1,080 " « sand, 
2,700 " " cinder. 
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This we packed in a box d'' x 8^^ n^^' in dimensions. In the 
center of this concrete we placed a piece of thin and highly-polished 
steel plate obtained by cutting and flattening out a piece of seamless 
bicycle tubing. After 28 days the concrete was broken up and the 
plate removed. This plate we send you herewith. You will observe Effect of 
the condition of its two sides are in marked contrast. On the bottom concrete on 
the mortar was in contact with nearly the entire surface of the plate, ^ **** 

and wherever it was thus in contact the metal is as bright as silver. 
On the top where the mortar did not protect it, except in small spots, 
the surface of the plate is rusted and pitted by corrosion. This differ- 
ence in condition of the two sides is due to the well-known fact that 
in tamping concrete the stone settles to the bottom and the mortar 
rises to the top. This is especially marked in meager concrete in 
which the mortar is insufficient to fill the voids in the stones, which is 
the case in this mixture. In tamping the plate in position the mortar 
has risen to cover its bottom, while in tamping the concrete from the 
top of the box the cinder has settled down on top of the plate to the 
exclusion of the mortar. 

The top of this plate undoubtedly shows the corrosive effects of 
sulphuric acid and exhibits corrosive effects which, in a damp atmos- 
phere, would be continuous to its complete ultimate destruction. The 
reason for this is that sulphuric acid or sulphates which will react with 
iron, act, in the presence of moisture, as continuous conveyors of 
oxygen to the metal. The acid first reacts upon the iron to form sul- 
phate, and this, by a second reaction, becomes oxide, releasing the acid 
to again attack other particles of metal. In this way a small amount 
of free acid may, under favorable conditions, rapidly pit and destroy 
unprotected iron work. This effect is exhibited in the rapid destruc- 
tion of cast-iron pipes laid in cinder banks. The percentage of acid 
m the cinder, as the analyses given will show, is quite small, and the 
smoont which is capable of chemical reaction, much smaller yet. But 
it is sufficient, by successive oxidation, to destroy the pipes rapidly. 
The same effect is seen in the rapid corrosion of iron work from the 
solphur fumes in smoke. 

The inevitable conclusions to be drawn from these considerations Conclusions, 
are, one, that unprotected iron work may be rapidly corroded by 
contact with this cinder in a damp atmosphere ; but two, that the iron 
will be completely protected from such attack if the cinders are bedded 
b t sufficient matrix of cement mortar. 

A i-to-2-to^5 concrete, as now used, does not afford a sufficient 
Btttrix for the cinder and unprotected iron in this concrete, will cor- 
lode, and, in the presence of moisture, may corrode rapidly. 
We suggest, then, that an amelioration of the concrete is desirable. Theoretical 

\ maeasing the relative proportions of the mortar. Thus, we have de- P«>Port»o° ^o*^ » 

\ . , ,, . , , .... . , full concrete. 

I tanned by experiment that the voids in the cmder are 54. 5 per cent. 

i ^ its bulk. These voids should be completely filled with mortar, al- 
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lowing some excess of mortar besides, because its distribation cin 
never be perfectly effected. The voids in the sand are 35 per cent 
of its volume. Assuming, then, that the cement is to Bll the voids in 
the sand and the sand the voids in the stone, the proportions of t^^ 
gates for a " full " concrete of these materials would be, theoretically, 
I to 2.85 to 5.20. Allowing a little excess of mortar for practical 
work, as is necessary, this would give for a working formula for full 
concrete, i cement, 2.75 sand, 4.75 cinder. 

Formula This formula we suggest for adoption in using this cinder concrete 

suggested. jjj your fire-proof-floor-arch system. 

This concrete should protect the iron from corrosion by either sul- 
phuric or carbonic acid. The latter, it will be remembered, we dis- 
missed at the outset of the discussion as present and able to act if 
conditions favored. In the presence of an impermeable concrete, as 
has been recommended, containing a considerable percentage of cal- 
cium hydrate, no rusting from carbonic acid and water is to be expected 
in your floor arch system. If it is impracticable to use such t mixture 
as has been suggested, under the building laws of the city of New 
York, we recommend, then, that a mortar of I cement to 2.75 sand 
be spread first in contact with the wire mesh of your arch system and 
with the surfaces of the beams. The cinder concrete, in proportion 
of I to 2 to 5, can then follow in usual course. 

We trust the above will fully cover the ground you desired us to 
investigate, and that this report w^ill be satisfactory to you. 

Very respectfully submitted, 
(Signed) BooTH, Garrett & Blair. 



John A. Roebling's Sons Co., 

Manufacturers of Wire Rope and Wire^ 

1 1 7-1 19 Liberty street, N. Y., March 5, 1898. 
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Messrs. Booth, Garrett & Blair, 

404-406 Locust street, Philadelphia, Pa. 



Gentlemen : — 

We hereby acknowledge receipt of your special report on the effects 
produced by cinder concrete on iron imbedded in it ; also a piece of 
sheet steel tested. We are much pleased with the report, and ve 
consider the amount of sulphuric acid and sulphides found in the 
cinder phenominally small. We are a little surprised at tfaepndicil 
results which you have obtained in the sample of sheet stedtentii* 
It is evident that where the material is porous and the-fiatenliotttBt 
filled in solid with cement mortar, that the mcHstiore id tihe 
produces oxidation, while, on the other hand, w hue tlM 
mortar covers the entire surface of the iron, it 
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protecting material and prevents oxidation. These results complicate 
the problem considerably. 

If we should adopt a concrete such as you have suggested, using 
proportions of I of cement to 2.75 of sand and 4.75 of cinder, thereby 
securing a material which would have the interstices filled in with ce- 
menting material and be a solid, compact mass, we would have a con- 
crete that would not resist violent changes in temperature. It has 
been shown very conclusively in fire tests that when a solid material 
like stone concrete, well rammed, so that the interstices are all filled 
with cement mortar, is heated to a glowing red heat and then suddenly 
cooled by the application of the fire stream, the material is unable to 
stand such a violent change in temperature and invariably cracks and 
disintegrates. The same is true as regards material of this character 
when subjected to freezing. It would also be necessary in our system 
of fire-proof flooring to use a firm and water-tight centering, which 
would not only prevent the water from dripping out, but which would 
also make practicable considerable ramming of the material. The 
moisture would thus be retained in the concrete, and, if subjected to 
freezing weaiher, would freeze and crack and might be very seriously 
injured. 

One of the claims which we now make is that our material, as we 
manipulate it and apply it, is porous and will sustain successfully the 
most violent changes of temperature without cracking. Now, accord- 
ing to your report, if we would use a material which will successfully 
protect the iron and prevent corrosion, we must modify it so that it 
will not give the best fire and frost resisting properties, besides making 
it very much heavier. In making a change of this kind, we would be 
losing many practical and economical advantages. On the other hand, 
if we continue to use the material as we do, there is the possibility of 
an initial oxidation, which, as we understand it, will last until the 
moisture disappears. It would, therefore, be interesting to know : 

1st. Whether or not this oxidation would continue in the absence 
of moisture, which condition would occur when the floors are thor- 
oughly and completely dried and the building is under roof. 

2nd. Whether an initial coat of paint, such as is commercially ap- 
plied to alV ironwork, would not prevent oxidation until the moisture 
Contained in the concrete disa|)pears. 

We would be pleased to have you write us and express an opinion 
as to the two points above referred to, as well as any further sugges- 
tions that might occur to you. 

Very truly yours, 

John A. Roebling's Sons Co. 
Dictated by A. L. A. H. 
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Philadelphia, March ii, 1898. 

Messrs. John A. Roebling's Sons Co., 
1 1 7-1 19 Liberty street. New York. 

Gentlemen : — 

We are duly in receipt of your favor of the 5th, which has had our 
careful attention. We think the points which you have raised are 
very well taken and fully appreciate their practical bearings. 

We have carefully considered the questions you raise, to wit : 

1st. Whether or not oxidation would continue in the absence of 
moisture, which condition would occur when the floors are thoroughly 
and completely dried and the building is under roof. 

2nd. Whether an initial coat of paint, such as is commercially ap- 
plied to all iron work, would not prevent oxidation until the moisture 
contained in the concrete disappears. 

And in replying to them in order, would say, — first, evidently any 
corrosion of metal must go on very slowly in the dry atmosphere be- 
tween the floor and the ceiling of a building. The pitting shown 
on the plate is, undoubtedly, due to acid attack and this would prob- 
ably slowly progress under these conditions ; the rusting which comes 
from the water probably not ; second, we are disposed to think, after 
carefully weighing the facts, that the iron would be protected by a 
good paint covering. In other words, we should hold that you could 
take this position, to wit, that if the manufacturer of the iron protected 
his material by a flrst-class quality of paint, you would guarantee that 
no corrosion would take place. We have under way a few simple 
experiments to cover these points and shall advise you of the results. 

We take it for granted that the painting of the iron work would not 
be within your province, and that therefore you could not decide w^hat 
the paint should be. For your wire mesh and ribs, however, we would 
suggest that a paint of the asphaltum variety, free from oils, which can 
be dried up by acids or alkalies, would probably be better than an oil 
paint. 

Yours respectfully, 
(Signed) Booth, (}arrktt & Blair. 



Philadelphia, March 28, 1898. 

Messrs, John A. Roehling's Sons Co., 
117 Liberty street, New York City. 

Gentlemen : — 

We beg to summarize the various reports heretofore made to you 
covering the question submitted to us for examination, to wit : " Is any 
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injurious effect to be expected from the use of cinder concrete in con- 
tact with steel beams in fire-proof-floor arches? " 
We find : 

(A) I. The sulphuric acid in the cinder will average 0.20 per cent. 

(two-tenths of one per cent.) 
2. The sulphur as sulphides in the cinder will average 0.20 
per cent, (two-tenths of one per cent.) 

And that, — 

(B) I. These percentages of sulphuric acid and sulphur will not 

injuriously affect the cement. 

2. They will not injuriously affect good paint. 

3. They are sufficient to corrode unprotected iron work more 

or less rapidly, depending on the presence or absence of 
moisture. 

We also find : 

(C) I. That the mortar of the concrete, wherever it is in contact 

with the iron, fully protects it from oxidation. 
2. But that the proportions of I to 2 to 5 do not make a full 
concrete, and hence, would not fully protect bare iron 
surfaces. 

It follows from this : 

(D) I. That there would be some oxidation of hare iron or steel 

beams in this concrete. 

2. That in the ordinary dry atmosphere between floors of a fire- 

proof building this oxidation could occur over a limited 
area, and would be extremely slow. 

3. That bare iron would be fully protected by the use of a 

'*full " concrete (say I to 2.75 to 4.75.) 

4. That the iron is fully protected by good paint (red lead and 

linseed oil for example.) 

The conclusion we reach is that no injurious effects are to be antici- 
pated from the use of this concrete above ground in the ordinary prac- 
tice of construction now followed for steel frame buildings. 

Yours respectfully, 
(Signed) Booth, Garrkti' cV Blair. 



SOME 
RECENT IMPROVEMENTS. 



THE highest excellence can only be reached and maintained by 
constant experimenting, careful study, and the closest atten- 
tion to details. Improvements are constantly being made 
which tend to increase the efficiency of the various constructions and 
reduce the cost. A few of the more recent improvements arc here 
shown. Figure 27 shows the construction as furnished up to January 




Fig. 27. 

I, 1898. Figure 28 shows the system as now installed. In Fignn 
28 it will be observed that the wire is omitted adjacent to tic 
beams; the ribs being allowed to project about ij4". ThisalloVi 
the cinder concrete to pass through the wire centering and find aaM 
on the lower flange of the beam. Instead of an irregular kDife4d|> 
of concrete bearing on the curved surface at the junction <tf A*l^ 
and lower flange of the beam as shown in Figure 27, theie to iMrs 



159 

ftjil bearing of over three inches for the concrete on the top surface of 
tile lower Hange of the beams. The result of the improvement, as 
slowa by actual tests, is to materially stiffen the beams. 

Figure 2^ ako shows the old form of clip, C, C. These were simi- 
lar to many others now being used for attaching ceilings to the lower 
fianges of the floor beams. They were made of malleable cast-iron 
^nd were driven on the beams with hammers, depending upon friction 
in most cases to hold them in position. Figure 28 shows the improved 
clip. When attached to the beam this clip is absolutely rigid and 
caanot be loosened by vibration or jarring, as was the case with the 
old style before the plaster was applied. The new clip being made 
from mild steel, its melting point (2,587 degrees Fahrenheit) is con- 
siderably higher than any temperature ihat is ever reached in the 
most severe conflagrations. 




Fig. 29. 



Figure 29 shows a late improvement in protecling the sofhts of 
l>eams in warehouse construction when a flat ceiling is not required. 
1"he ordinary methods of protection by clamping on tile or concrete 
Slabs are defeciive because they invariably depend upon iron clamps, 
straps or brackets to hold the protection in place. In a hot fire these 
clamps or straps become weak and the protection is liable to fall away. 
""The concrete protection shown in Figure 29 is made possible by omit- 
ting the wire and allowing the ribs of the wire centering to project 4" to 
*", and lacing a separate form of wire lathing around the beam soffits. 
The cinder concrete may then be filled around the soffits of the beam 
at the same time that it is placed in the arches. The soffit protection 
which may be made any desired thickness, thus becomes an integral 
part of the arch, the whole construction becoming a monolith com- 
pletely incasing the ironwork and protecting it more effectually than 
any other method in use at the present time. 



ADVANTAGES 

O F T H E 

LOEBLING SYSTEM OF FIRE- 
PROOF CONSTRUCTION. 



// is based upon correct mechanical and scientific principles^ 

The strength of cinder concrete in tension is only about one- 
fifth of its strength in compression. The segmental arch in 
which the material is used only in compression, is therefore the 
strongest and most economical form of constniction for spanning 
the interval between the steel beams. 

. The material, cinder concrete, is absolutely fire- proof. 

This was proved conclusively in the New York Building De- 
partment tests. All other materials tested by the department 
were more or less injured by the fire and water. 

I. // does not depend upon light metal elements for strength. 

The fire tests proved that the cinder concrete is not injured by 
the highest temperatures that are ever produced in conflagrations. 
As this concrete furnishes the principal element of strength and 
the light steel and wire are employed principally as a centering, 
the strength of the construction is practically independent of any 
light metal. This is an important feature in fire-proof construc- 
tion, for all light metal is liable to become weak and worthless 
as an element of strength, when heated. 

r. // affords superior protection to the structural steel. 

In the segmental arch form of construction the concrete is 
massed about the beams thus securing the maximum protection 
with the available material. That this form of construction 
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secures the highest efficiency was shown in the examples herein 
mentioned of actual conflagrations in which the repairs to the 
structural steel and the fire-proofing amounted to nothing. 

'. // can be erected more rapidly than any other system. 

The permanent wire centering erected always in advance of 
the concreting enables the work to progress continuously. The 
wire centering is manufactured by the John A, Roebling's Sons 
Company at Trenton, N. J., and can be supplied as rapidly as 
may be required in a few days' time. The placing of the wire 
arches and the mixing of the concrete in any given time is simply 
a matter of employing a sufficient force of men to accomplish 
the work. 

I. // is safe. 

Workmen cannot break through the concrete while carrying 
burdens and injure themselves on account of the protection 
afforded by the wire centering. This is cap>able of supporting 
a load of over 300 pounds per square foot. The wire centering 
has also saved the lives of many iron workers who have fallen on 
it from aloft. The floors are safe and available for use 48 hours 
after the concrete has been placed in position. The arches 
always develop a strength largely in excess of the requirements, 
thus preventing any accidents due to concentrated loads on the 
floors. 

II // can be installed in colder temperatures than any other 
system. 

This is due to the fact that the concrete as specially manipu- 
lated in this system is extremely porous. 

III. // dries more rapidly than any other system. 

The wire centering permits the excess water to drip away from 
the concrete as soon as it is placed in position. It also permits 
evaporation on the under side of the concrete. The material being 
extremely porous, the moisture is thus very rapidly eliminated. 

C. The arches never settle. 

When the concrete sets it becomes a monolith spanning the 
interval from beam to beam. This eliminates the thrust of the 
arches under normal conditions and prevents settling. In fac- 
tory or warehouse buildings, where the floors are to sustain heavy 
mOYing and jarring loads, and in buildings near railways sub- 
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jected to vibration, the monolithic arch is the only construction 
that will not settle. This is an important advantage, because it pre- 
vents cracks in the cement, mosaic, or tile-finished floors, and in 
the plastered ceilings where the plaster is applied to the under- 
surface of the arch. 

- // provides perfect ceilings. 

The ceiling construction being independent of the floor arches 
it is not affected by the loading, jarring, etc. of the floors above. 
The Roebling Standard wire lathing with a y^" solid steel 
stiffening rod woven in at intervals of 7^2" is used exclusively 
in this work. This furnishes a firmer and more satisfactory sur- 
face for plastering than any other wire lathing. The y^" steel 
rod which is laced to the furring at every intersection with gal- 
vanized wire, insures superior durability. The uniform and per- 
fect bond of the plastering and its isolation from any materials 
that yield up coloring matter combine to prevent cracks and 
discoloration in the plaster work. 

f . // is not easily damaged. 

The floors, being monoliths of concrete reinforced by the 
wire centering at the under side, are capable of sustaining 
almost any amount of abuse from plumbers, electricians and 
others without serious injury. Openings of any shape may be 
cut through the concrete to neat dimensions, the arch wire pre- 
venting the concrete from flaking away on the under side. 

II. // does not obstruct bjiildings with bulky materials. 

The concrete is usually mixed in the basement or cellar and 
hoisted to the floors as required. Dangerous and unsightly piles 
of materials which obstruct the floors and interfere with other 
workmen are therefore dispensed with. 

JII. // may be 7nore readily adapted to special requirements than 
any other. 

It is adapted to all classes of buildings. It may be employed 
for all varieties of finished floors. The ceilings may be either 
flat, paneled, arched, or may be suspended at any desired level 
below the floors. The constniction adapts itself readily to irreg- 
ular or obli([ue-angled framing of the steel beams. By suitable 
modifications the system may be further adapted to any special 
conditions or requirements. 
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XIV. // costs less than any other. 

It costs no more than any other good system but the construc- 
tion is always superior. If, therefore, efficiency be the measure 
of value, it costs less than any other system. 

XV. The Roebling System commands the lowest rates of insurance. 

The lowest rate of insurance that was ever secured for a fire- 
proof office building in New York City was written for one of 
the office buildings in which this system of fire-proofing was in- 
stalled. 



FIRE-PROOF CONSTRUCTION. 



A GENERAL DISCUSSION, WITH A FEW HINTS ON 

DESIGNING, 

« BY 

A. L. A. HIMMELWRIGHT, C. E. 

M. Am. Soc. C. E., etc. 



Reprinted from The Polytechnic^ April 30, 1898. 

THE CLOSING years of the nineteenth century will, no doubt, 
be memorable in history for the rapid and remarkable devel- 
opment in building construction. The empirical and wasteful 
methods of the past have been entirely revolutionized, and economy — 
in space, in time, and in material — is the dominating feature of every 
design. 

The modern high building with its steel skeleton frame is essen- 
ially the creation of the civil engineer. It was made feasible by the 
)ractical solution of many difficult and intricate problems, among 
rhich is that of fire-resisting or so-called ** fire-proof construction. 

The inefficiency of the ordinary fire extinguishing apparatus at 
leights exceeding 125 feet made it necessary to employ incombustible 
naterials in high buildings. These materials are used for the walls, 
loors and partitions, in such a manner and in such quantities as to 
lonfine a fire from any cause to the apartment in which it originates, 
ind thus prevent the destruction of the entire building. Owing to 
he fact that the strength of iron and steel is greatly diminished by 
leaty the problem of fire-proofing a building is further complicated 
qr the necessity of suitably protecting the structural ironwork. 

Until recent years, fire-proofing methods were based solely upon 
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theory and were largely in the experimental stage. Numerous elabo- 
rate tests made during the last three years on a scale sufficiently large 
to represent practical conditions, were witnessed by the writer, and 
other similar tests were also made under his supervision. These have 
proved very instructive and have thrown considerable light upon a 
subject concerning which there has been hitherto an utter lack of 
precise knowledge. The general facts and conclusions, as recited in 
this paper, represent some of the results of the writer's personal re- 
search and observation. 

In the highest class of fire-proof buildings, all woodwork and other 
combustible material is carefully excluded. All openings in exterior 
walls are provided with fire-proof shutters and doors. The interior 
finish in such buildings is wrought in stone, cement, plaster, metal or 
glass. In many buildings, however, the question of cost frequently pre- 
cludes the use of the best or strictly non-combustible material, and until 
an equally low-priced substitute can be found, more or less wood will be 
used for the interior finish. Although the use of wood or other com- 
bustible material is very undesirable in a fire-proof building, it has 
been proved many times, by actual conflagrations, that it is entirely 
possible ^o employ fire-proof materials in such a manner that the com- 
bustible finish and contents of an apartment may be consumed with- 
out causing other damage. The subdivision of the different stories, 
the location of stairways, elevator shafts and hallways, — in fact the 
general plan of a fire-proof building is now largely influenced by the 
problems of fire-resistance. 

Fire-proof buildings in which no steel or iron enters into the con- 
struction are so massive as to be monumental in character and too 
rare to receive further consideration. The exterior walls of steel 
skeleton fire-proof buildings are usually constructed of brick or stone, 
but the floors and partitions, on account of special conditions, are 
built of a greater variety of materials. What follows will therefore 
relate more particularly to the fire-proof floor construction between 
the steel beams and the protection of the steel skeleton frame. 

Practical and efficient fire-proof construction depends primarily 
upon : First, suitable materials ; and second, correct methods or sjfi- 
tems of employing such materials. 
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MATERIALS 

In order that a material may be fire-proof in the broad sense in 
which the term is now used, it is not only necessary that it shall suc- 
cessfully withstand the highest temperatures that are obtained in actual 
conflagrations (2,000 degrees to 2,300 degrees Fahrenheit), but it 
must also retain its strength and resist disintegration when suddenly 
cooled by a stream from a regulation fire engine. In addition to these 
requirements, it is desirable that the material should be inexpensive, 
light, a good non-conductor of heat, and that it shall not discolor 
plaster. 

No material has yet been discovered that fulfils all these require- 
ments perfectly. Some of the materials in use at the present time, 
however, meet the requirements to such a degree as to make them 
practicable for fire-proofing purposes. A few of these will be enum- 
erated in the order of their merit, omitting such materials as are made 
by patented or secret processes. 

First, Cinder Concrete. — In the elaborate series of fire and water 
tests conducted by the New York City building and fire departments 
in 1896 and 1897, '* cinder" concrete developed the highest fire and 
'Water resisting efficiency of the various materials tested. The con- 
crete consisted of i part of high-grade Portland cement to 2 parts of 
sand and 5 parts of cinder (the residue of anthracite coal consumed 
in boilers). Cinder concrete is, however, quite heavy, weighing 75 
to 90 pounds per cubic foot, depending upon manipulation, etc., and 
ranks below the plaster of Paris compositions as a non-conductor of 
heat. 

Second, Burnt Clay Prodiccts. — These have been used for fire- 
proofing purposes for many years. They consist of ordinary brick, 
and hollow brick made of hard burnt clay, porous terra cotta, terra 
cotta lumber, etc. None of these materials, as offered in the market, 
are capable of withstanding as high temperatures as cinder concrete. 
Ordinary brick are exceedingly heavy, weighing 130 pounds per cubic 
foot ; the hollow brick are lighter, but when highly heated and sud- 
denly cooled by a fire stream, the under surfaces are disintegrated, 
exposing the cellular spaces. 

Third, Plaster of Paris Campositions. — Plaster of Paris is a well 
known non-conductor of heat. When wood shavings are incorporated 
in it the composition is very light, weighing about 42 pounds per cubic 
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foot. Broken l)rick, cinder, etc., is sometimes used instead of wood 
shavings, but the resulting concretes are much heavier. All plaster 
of Paris compositions absorb moisture rapidly and dry slowly. They 
soften under the fire stream and are rapidly disintegrated by it. 

Fourth, Stone Coficrete. — Ordinary stone concrete is even heavier 
than common brick and weighs about 140 pounds per cubic foot. 
With sandstone aggregates, it is ca])able of withstanding as high tem- 
peratures as the burnt clay products, but if highly heated and suddenly 
cooled with a fire stream the material disintegrates on the surfaces so 
cooled, the disintegration continuing until a certain lower tempera- 
ture is reached, which temperature varies with the character of the 
concrete. 

METHODS OR SYSIEMS. 

Fire-proof lloors between the steel beams may be divided into three 
general classes*, — first, monolithic constructions ; second, construc- 
tions consisting of assembled parts; third, constructions with light 
metal constituents. 

First, Mo7iotithic Co7i struct ions. — These are erected in the fomi of 
segmental arches or flat slabs, between or over the steel floor beams. 
The material is generally placed in position while in a plastic stale, 
on temporary wood or permanent metal centering, and allowed to 
**set" or harden. In the monolithic constructions, the thrust is 
largely eliminated and there is no liability of settling or displacement 
of parts. 

Second, Constructions CoJi si stiiig of Assembled Parts. — These are 
usually built in the form of segmental or flat arches. On account of 
the thrust which is always present in constnictions of this character, 
the beams should be well tied together at inter\als not exceeding eight 
times their depth. Cireat care should also be exercised in erecting 
the arches so as to make perfect joints and give the material full bear- 
ing over the entire surface of the joints. Special precautions should 
be taken in the case of ** end construction " hollow-tile, in which the 
cellular spaces and webs run in a transverse direction to the beams. 
The blocks should be accurately set so that adjacent ribs or webs come 



* It would b« interesting to illustrate and review each of the various types of construction, as now 
actually erected in modem buildings, but as these number upwards of fifty, it would be impracticable 
to do so within the limits of a paper such as this is intended to be. 
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opposite each other and fomi a continuous rib or web from beam to 
beam, or from skew back to skew back. With imperfect joints, arches 
of this class will settle, causing cracks in mosaic or other expensive 
floor finish, and in the plastered ceilings if the plaster is applied 
directly to the under side of the arch. Wood centering is generally 
necessary to support the work until the mortar sets. As the thrust 
increases very rapidly with the span, the rise remaining the same, 
wide spacing of beams should be avoided. In arches adjacent to ex- 
terior walls, the tie rods should be carefully protected so as to prevent 
thrust against the walls in case of fire. 

Third, Constructions with Light Metal Constituents. — Fire-proof- 
ing material in the form of a flat arch or flat slab acts like a beam — 
the upper portion of the section being in compression, and the lower 
portion in tension. As none of the materials are as strong in tension 
as in com])ression, light metal elements are introduced to strengthen 
the portion of the section that is in tension. In this manner a much 
thinner and lighter construction of the requisite strength may be ob- 
tained. In assembled constructions, the metal elements are imbedded 
in the mortar of the joints ; in monolithic constructions, the metal is 
imbedded in the material while in the plastic state. The metal gen- 
erally consists of steel or iron in the form of wire, rods, bars or sheet 
metal expanded into open meshes. If properly imbedded,' the metal 
adds greatly to the strength of the construction. As that portion of 
the material which is in tension is usually the under side of the con- 
struction, the metal, in order to develop its maximum efficiency, 
should be located as far as possible from the neutral axis, or near the 
under surface of the construction. In this position, however, it is 
very much exposed and, in case of a fire of any magnitude, the heat 
would soon render the metal constituents valueless as an element of 
strength. In constructions of this class, the imbedded metal should 
therefore be located as far as practicable from the under surface. 



THE PROTKCTION OF THE STEEL SKELETON FRAME. 

A building constructed entirely of incombustible materials is not 
necessarily fire-proof. If the building contains steel or ironwork, 
and it is not suitably protected, the heat from a very insignificant con- 
flagration caused by the combustion of the furniture or other contents 
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may so seriously affect the strength of important iron members as to 
cause the complete wreck of the structure. It is therefore highly 
essential that the structural iron be thoroughly protected. This is 
accomplished ordinarily by — first, materials of construction ; and 
second, materials of finish. 

In the former case, the same materials as are used for the walls and 
floors are built around the columns, girders and beams, so as to com- 
pletely incase them, the thickness of the covering varying from lyi 
to 4", depending upon the character of the building and the degree 
of fire-proof efficiency recjuired. The monolithic constructions form- 
ing a solid continuous i)rotection around the columns, or in the case 
of girders and beams, forming an integral part of the floor construc- 
tion between the beams, are vastly more tenacious and efficient than 
any other. Protective coverings, consisting of assembled parts, even 
though bound together with wire or band iron, are liable to crack at 
the mortar joints and fall during a hot fire or when suddenly cooled 
by a fire stream. 

When materials of finish form the j)rotective covering, they usually 
consist of plaster, cement, a veneering of natural or artificial stone, 
of sheet metal, or of a combination of these. Cement or plaster on 
wire lath is sui)erior to the other materials of finish named for pro- 
tective purposes. Suitable furring should, in all cases, be provided, 
so that an airspace will intervene and prevent the plaster from coming 
in contact with the iron member. This will prevent any fluxing of 
the iron under high temperatures, and will permit the transmission of 
heat onlv bv radiation — a much slower process than by direct contact. 
When designed so as to fonn two or more thicknesses of wire lath and 
plaster with air spaces intervening, the efficiency of the protection is 
largely increased. The usual practice of incasing the columns and 
girders with a single thickness (generally an inch or less) of plaster 
and wire lath is entirely inadequate in most cases and is only admis- 
sible in buildings containing insignificant (juantities of combustible 
finish and contents. The columns and girders being the essential 
members of the steel skeleton frame, they should in all cases be thor- 
oughly protected. 

The protection which any given method or system of fire-proofing 
provides for the structural iron, depends not only upon the character 
and thickness of the actual covering, but also upon the distribution of 
the material of construction. When, as for example, in the segmental 
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arch form, the floor material is aggregated or massed about the beams 
and girders, a large percentage of the total material is in the imme- 
diate vicinity of the steel beams. On the other hand, if the material 
is more uniformly distributed, as in the flat slab form, a less percent- 
age of the total material will be found near the beam. It will be 
evident that a higher degree of heat or a longer application of it will 
be necessary to raise the larger mass of material to a certain tempera- 
ture than will be required to raise the smaller one to the same tem- 
perature. The beam being within the protecting material, it follows 
that it will be more eff'ectually protected by the larger mass of material. 

Types of fire-proof flooring, in which the under surface of the 
materials of construction is below the lower flange of the steel beams, 
afford generally a better protection for the beams than those types in 
which the beams project below the flooring and are protected by a 
covering. In the latter case, three sides of the girder or beam cover- 
ing are exposed to the flame and heat in case of fire. The thickness 
of the covering in such forms of construction should be carefully de- 
signed so as to provide suitable protection, as the special conditions 
may require. 

The question as to whether iron and steel will oxidize or rust when 
in contact with materials of constniction is one of vital importance. 
Cement mortar and the ordinary stone concretes made with it have 
well-known preservative qualities. In basement floors or other loca- 
tions where more or less moisture may be present, care should be taken 
that the concrete in contact with the iron be a ** full " concrete ; that 
Js, a mixture in which the cementing material completely fills the voids 
and is in contact with the entire surface of the iron. ** Cinder*' 
concrete is a comparatively new material. Its eff*ect on steel and iron 
has been carefully and very thoroughly investigated during the past 
two years. It has been shown that under normal conditions cinder 
concrete is entirely harmless in this respect. The plaster of Paris 
compositions have been used for many years in France and other parts 
of Europe without causing any injurious eff'ects whatever when in con- 
tact with iron or steel. New materials, and especially such as are 
produced by secret or patented processes, should be thoroughly tested 
and proved to be absolutely harmless before accepting them as suitable 
materials for building construction. 
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DESIGNING. 



Economy in fire-proof construction can be secured only by a scien- 
tific treatment of the subject. The actual and relative expansion of 
the materials due to heat and the deflections caused by unequal heat- 
ing must receive careful consideration. Some of the properties of 
structural steel when heated are as follows : 

At about 575° Fahrenheit lo per cent, of its strength is lost. 

At about 750° to 800° Fahrenheit 50 \yer cent, of its strength is lost. 

At about i,oco° to i,2CX)° Fahrenheit 75 per cent, of its strength is lost. 

The limit of safety is in some cases dependent upon temperature 
and in other cases upon expansion. The protection of the steel 
skeleton frame should, in all cases, be ample to prevent temperatures 
approximating to the safe limits. 

In designing the fire-proofing of a building it is important to know 
the character of the interior finish and the purposes for which the 
building is to be used in order that an intelligent idea may be formed 
as to the intensity and duration of a possible fire. When these de- 
tails are known a suitable form of construction can be selected, and 
the protection of the steel skeleton frame designed with accuracy and 
economy to meet the requirements. 

Fire-proof floors should be at least three inches in thickness. If 
thinner, most of the materials are liable to crack when highly heated 
and suddenly cooled with a fire stream. 

In designing ironwork for fire-proof floors the beams should gen- 
erally be spaced from five to eight feet center to center. In wider 
spacing the construction between the beams weakens rapidly, and ex- 
cessive thrust and strains generally result, which should be avoided in 
fire-proof construction. In closer spacing of the beams the ironwork 
is rarely as economical and the smaller beams are more readily affected 
by heat. 

A few hints as to the special adaptations of some of the forms of 
construction, etc., follow : 

For warehouses, factories, stores, depots, etc., which may be filled 
with inflammable and other goods and in which the floors are subject 
to heavy moving or jarring loads, the segmental arch form of con- 
struction will generally be found to be the strongest, safest and most 
economical. The whole section of the arch being in compression, it 
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can be depended on to retain its full strength and fulfill every require- 
ment of a floor in the most intense and long-continued conflagrations. 
For similar buildings in which strength is of prime importance and 
fire-proof qualities are a secondary consideration, the forms of con- 
struction with light metal constituents will give excellent results and 
prove more economical than the segmental arch. 

For public buildings, libraries and other high-class buildings in 
which expensive floor finish and highly-ornamental plaster effects are 
desired, the monolithic constructions (preferably the segmental arch 
form), with flat ceilings of wire or expanded metal, give the best results. 
The monolithic construction will preserve the integrity of the floor 
finish and the wire ceilings, if proi>erly constnicted, will prevent the 
cracking and discoloration of the plaster work. 

For office buildings, educational institutions, hospitals, theaters, 
hotels, apartment houses, residences, etc., in which the combustible 
contents are limited to interior finish and furniture, the monolithic 
constructions with light metal constituents and flat wire ceilings are 
the most economical and fulfill every requirement. The air spaces 
between the flooring and ceiling in these forms of construction pro- 
vide a convenient conduit for piping, speaking tubes, electric 
wiring, etc. 

A. L. A. HiMMELWRIGHT. 
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